Patients in the driver's seat by Krieke, Jacoba Alida Janna van der
  
 University of Groningen
Patients in the driver's seat
Krieke, Jacoba Alida Janna van der
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2014
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Krieke, J. A. J. V. D. (2014). Patients in the driver's seat. Groningen: s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
Patients in the driver’s seat
 
A role for e-mental health?
Patients in the driver’s seat
 




ter verkrijging van de graad van doctor aan de 
Rijksuniversiteit Groningen 
op gezag van de 
rector magnificus, prof. dr. E. Sterken 
en volgens besluit van het College voor Promoties. 
 
De openbare verdediging zal plaatsvinden op  
 








Jacoba Alida Janna van der Krieke 
geboren op 8 december 1982 
te Hoogezand-Sappemeer
Uitgave in de RGOc-reeks, nummer 33
Patients in the driver’s seat: a role for e-mental health?
©Copyright 2014, J.A.J. van der Krieke, the Netherlands
All rights reserved. No part of this thesis may be reproduced or transmitted in any form or by any 
means, without the written permission from the author or, when appropriate, from the publishers 
of the publications.
This dissertation was supported by the Netherlands organization for health research and 
development (ZonMw); Fonds Psychische Gezondheid; ICT Regie; and the Dutch Ministry of Health, 
Welfare and Sport (grant number 300020011).
Cover:  Tickle Salon (2002), Driessens & Verstappen





 Prof. dr. P. de Jonge 
 Prof. dr. M. Aiello 
Copromotores: 
 Dr. S. Sytema 
 Dr. A. Wunderink 
Beoordelingscommissie: 
 Prof. dr. J.P.J. Slaets 
 Prof. dr. J. van Weeghel 
 Prof. dr. H. Riper
TABle of ConTenTs 
Chapter 1 General Introduction 7
Chapter 2 E-health self-management for psychotic disorders:  19
 state of the art and future perspectives
Chapter 3 Evaluating the CANSAS self-report (CANSAS-P) as a screening instrument 51
 for care needs in people with psychotic and affective disorders
Chapter 4 An online portal on outcomes for Dutch service users 59
Chapter 5 Usability evaluation of a web-based support system  63
 for people with a schizophrenia diagnosis
Chapter 6 Generating personalized advice for schizophrenia patients  81
Chapter 7 A web-based tool to support shared decision-making for  115
 people with a  psychotic disorder – a randomized 
 clinical trial and process evaluation
Chapter 8 Serious games for people with mental health problems:  137
 a systematic review
Chapter 9 Automated time series analysis to promote patient-tailored  167
  treatment in clinical psychiatric practice: a proof-of-principle study
Chapter 10 Summary and discussion 189
 samenvatting 213
 About the front cover 223
 Publications and submitted manuscripts 227
 list of recent sHARe dissertations 231






GENERAL INTRODUCTION | 
Psychoti c disorders are among the most severe and disabling mental disorders, characterized 
by deviati ons in cogniti ve functi oning and the percepti on of reality (1). They oft en lead 
to signifi cant social and occupati onal dysfuncti on and are frequently accompanied by 
victi mizati on, self-sti gmati zati on, and feelings of shame and demoralizati on (2-4). The 
life ti me prevalence is esti mated to exceed 3% of the populati on (5). Mental health care 
services generally provide a broad array of evidence-based interventi ons for people with 
a psychoti c disorder, and specifi c disease management protocols have been developed. 
Despite these developments, a vital shortcoming of many current health care services is 
that they are mainly driven by supply, instead of by the needs of users. The delivery of care 
and the selecti on of specifi c interventi ons is insuffi  ciently based on individual demands and 
needs. Moreover, acti ve parti cipati on of service users in medical decision-making processes 
is limited (6). Although some service users prefer leaving medical decisions up to their 
clinicians, others do want to parti cipate in decision-making but lack access to relevant and 
accessible informati on or may not feel competent in voicing their perspecti ve (6-8). 
Pati ent-clinician partnership
Since the anti -psychiatry movement of the 1960s and the rise of acti vist pati ent groups 
in the 1970s, much has changed for the good in the treatment of people with a severe 
mental disorder (9). The ivory tower of the medical and scienti fi c profession has started to 
break down, making room for criti cal self-refl ecti on. Notable examples are publicati ons such 
as Challenging the sti gma of mental illness (10), in which Patrick Corrigan and colleagues 
show that mental health professionals are key fi gures in fi ghti ng sti gma as they may have 
contributed to the ‘othering’ of people with a mental illness. Moreover, clinicians have 
started to get used to the idea of pati ents as partners. In a 2007 survey study among 
352 psychiatrists treati ng schizophrenia pati ents (11), 51% of the psychiatrists reported 
to regularly discuss medical decisions with their pati ents in a process of shared decision- 
making. This result may indicate a shift  from a paternalisti c towards a more parti cipati ve 
health care. On the other hand, however, the study also shows that half of the clinicians 
do not oft en share decision making. The decisions about medicati on and legal issues were 
considered the experti se of the clinician, as they were said to have too big an impact on 
pati ents’ lives, and therefore less appropriate to put up for discussion (11). In these cases, 
it appears, the phenomenon that ‘doctors know what is best for their pati ents’ is sti ll alive. 
That is why the debate about the positi on of pati ents and clinicians is of topical relevance 
anno 2013. 
Robert Drake and Patricia Deegan, who are among the central fi gures in this debate, 
heavily contested the idea that clinicians should make the most important treatment 
decisions (12-14). They have put forward shared decision making as an ‘ethical imperati ve’ 
(12), parti cularly when decisions concern complex issues, precisely because these issues 
have important consequences for someone’s life. This is the more relevant as the treatment 
goal of pati ents and clinicians can signifi cantly diff er. Deegan referred to this diff erence 
as a ‘clash of percepti on’ (15), which she illustrated by an example taken from her own 
experience. According to her, this example makes explicit what she considered to have 
remained implicit in the evaluati on of her anti psychoti c medicati on use (Figure 1). As several 
researchers have shown (16-18), in mental health care, as in general medicine, there sti ll 
is a crucial asymmetry in knowledge and power between pati ents and clinicians. Despite 
the recogniti on that “pati ents have grown up and there is no going back,” as the ti tle of 
an important 1999 editorial reads (19), in the twenty-fi rst century, the pati ent-clinician 
partnership has not yet matured.
figure 1. Evaluati on of anti psychoti c medicati on use
Psychiatrist service user
You are getti  ng bett er Your cure is disabling me
Your symptoms are gone My symptoms no longer bother you
You are more in control Haloperidol is controlling me
You are stable I can’t think or feel
You are functi oning again My life is without meaning or passion
In this context, the Dutch organizati on of Mental Health Care Services (GGZ Nederland) 
published the ambiti ous report Towards recovery and equal citi zenship, describing their 
vision on long-term care for people with a severe mental disorder (20). The authors speak 
out against a sheer medical view on severe mental illness, in which the reducti on of 
symptomatology is prevailing, and replace that with a view in which quality of life and equal 
citi zenship are the main parameters. In this report, published a few months before the start 
of the studies described in the present dissertati on, empowerment is one of the central 
themes and personal recovery is chosen as the leading principle in future developments. 
empowerment, personal recovery and related concepts
Empowerment and personal recovery are relati vely new concepts in current mental health 
care. They entered the medical discourse in the 1990s and have since then risen in popularity, 
now having acquired a buzz word status. Because of this status, the concepts need framing 
to prevent them from becoming meaningless. 
Empowerment may be the most complex noti on of the two. It can be traced back to 
criti cal social theory and the civil rights movement in the 1960s and 1970s, where it referred 
to citi zen empowerment and common goals for everyone (21). In the 1980s, Rappaport 





GENERAL INTRODUCTION | 
policies (22), and described the aim of empowerment to be “to enhance the possibiliti es for 
people to control their own lives” (p.15). This defi niti on showed strong similariti es to the 
defi niti on of health promoti on formulated by the World Health Organizati on at that ti me 
as “the process of enabling people to increase control over, and to improve, their health” 
(p.15). In 1994, Rissel et al. (23) disti nguished individual (psychological) empowerment from 
community empowerment, paving the way for its use in the discourse surrounding long-
term illnesses, such as diabetes, AIDS, rheumati c disease, COPD, asthma, multi ple sclerosis, 
and mental illnesses (e.g. (24-30). No universal defi niti on of empowerment currently exists. 
In a study among users of mental health care services, Rogers et al. (31) gave the following 
descripti on: “an empowered person is one who has a sense of self-worth, self-effi  cacy, and 
power. The empowered person recognizes use of anger as a moti vati ng force to insti gate 
social change and is opti misti c about the ability to exert control over his or her life. He or she 
recognizes the importance of the group or community to eff ect change, but the empowered 
person also values autonomy” (p.1046). There is general agreement on the view that 
empowerment can be seen as both a process (service users can increase their ability to think 
criti cally and act autonomously) and an outcome (the result of an empowerment process 
is an empowered state). Empowerment is a complex noti on in that it cannot be reduced to 
the simple transfer of power from one individual to another, and it is not something that can 
be given by professionals to pati ents. Empowerment, coming from the Lati n potere which 
means ‘to be able to’, can be facilitated, but is ulti mately to be done or achieved by service 
users themselves (32,33).
In the mental health discourse, the term recovery can either refer to a clinical-oriented 
concept or to a concept derived from the service user movement. When recovery is used in 
relati on to empowerment, it generally refers to the latt er. The most oft en used defi niti on of 
recovery in that sense is the one by William Anthony (34): “Recovery is a deeply personal, 
unique process changing one’s atti  tude, values, feelings, goals, skills, and/or roles. It is a way 
of living a sati sfying, hopeful, and contributi ng life. Recovery involves the development of new 
meaning and purpose in one’s life as one grows beyond the catastrophic eff ects of psychiatric 
disability” (p.4). As such, this defi niti on of recovery, also termed ‘personal recovery’, can 
be clearly disti nguished from recovery operati onalized by the internati onal Remission in 
Schizophrenia Working Group and adopted by the Dutch Nati onale Remissiewerkgroep. 
According to this operati onalizati on, service users are recovered when they have mild levels 
of key symptoms (the eight core Positi ve and Negati ve Syndrome Scale (PANSS) symptoms) 
for at least six months. This form of recovery, also termed ‘clinical recovery’, or ‘remission’, 
is an important concept as its introducti on breaks with the Kraepelinian view that 
schizophrenia inevitably is a chronic and deteriorati ng illness, saddling service users with 
a ‘prognosis of doom’ (30). However, for most service users achieving personal recovery is 
the most important treatment goal, and clinical recovery may or may not be part of that 
process (35). Personal recovery may be less clearly disti nguished from functi onal recovery, 
except for the fact that the fi rst was introduced by service users, whereas the latt er was 
not. The concept of functi onal recovery was introduced by clinicians, aft er recognizing that 
symptom reducti on is not the only or the most important goal that service users with a 
severe mental illness strive for. Functi onal recovery refers to a situati on in which service 
users experience improvement in functi oning on diff erent life domains (living, work, social 
acti viti es). Although several initi ati ves have been launched to operati onalize functi onal 
recovery, there sti ll is a lack of consensus on the exact defi niti on (36).  
Personal recovery and empowerment are oft en used in close relati on with other terms, 
such as experienti al experti se, which refers to the knowledge and skills people with a mental 
illness have gained in living with their illness. In contrast to people suff ering from an acute 
illness who usually need to rely on instant diagnosis and treatment by professionals, people 
with a more long-term illness oft en become acquainted with their illness and acquire their 
own experience-based experti se (37). These two forms of experti se, that of the professional 
and that of the service user, are fundamental to processes of shared decision making in 
which two partners share informati on and reach a consensus (38). The importance of 
experienti al experti se is widely recognized these days, and has led to the introducti on of 
the experienti al expert in the clinical workplace. In the Netherlands, the HEE movement 
(Herstel, Empowerment, Ervaringsdeskundigheid; Recovery, Empowerment, Experienti al 
experti se), founded in 2004, contributed signifi cantly to this development. In living with a 
mental illness, day-to-day management of life is as important as treatment of the illness. 
Given the value of experienti al experti se, management should not only be performed 
by professionals but, more importantly, by service users themselves (37). This is where 
the concept of self-management comes in. Self-management is enabled by experienti al 
experti se. It is considered one of the tasks in the individual recovery process (39), in that 
it indicates a process from being clinically managed to taking personal responsibility, being 
an important step in working towards living a sati sfying and meaningful life (39). Self-
management has been conceived of as both a prerequisite of empowerment (27) and an 
empowering practi ce (40). 
e-health, empowerment and self-management
In discussions about pati ent-centered care including the above menti oned concepts, 
e-health is oft en referred to as a valuable means. E-health can be defi ned as the use of 
informati on and communicati on technology (ICT) to improve health care (41). The potenti al 
of ICT and the internet for service user empowerment and self-management was recognized 
in an early state. In a 1991 editorial in the New England Journal of Medicine, Kassirer (42) 
predicted that the rise of ICT would radically transform the recepti on and delivery of health 
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preferences into medical decision-making as criti cal factors in the development of new 
technology, and he envisaged a world in which pati ents became providers. Since Kassirer’s 
essay, technological developments rapidly evolved. A “remarkable trend” (Kassirer’s 
words) has become mainstream, at least in the developed countries. In 2012, 34.3% of the 
populati on worldwide had access to the internet (43). The Netherlands are among the top 
10 percent of internet countries, with an internet penetrati on rate of 92.9% (43). 
The discourse about ICT in relati on to pati ent-centered care has become widespread. In 
2005, European Commissioner Markos Kyprianou made a plea for bett er use of informati on 
and communicati on technology as he argued that “e-health can empower pati ents 
and improve healthcare”(44). This is also the message urged by e-Pati ent Dave (Dave 
deBronkart), who has become a phenomenon on e-health conferences, where he started 
his career with the famous speech ‘Gimme my damn data’. The term e-pati ent was coined 
by Tom Ferguson, founder of e-pati ents.net, who characterized e-pati ents as Empowered, 
Engaged, Equipped, and Enabled (45). The introducti on of e-pati ents is associated with 
role changes within health care. The clinician is said to change from God to guide (from an 
omniscient expert who knows what is best for their pati ents, to persons who guide their 
pati ents in making treatment choices), and from host to guest (a professional absorbing 
pati ents into his/her clinical domain, to someone who is a temporary guest in the lives of 
pati ents). Pati ents are said to change from having a passive (listening to what the doctor 
says) to a more acti ve role (parti cipati ng in treatment and decision making), and from being 
a pati ent to a person or service user (46). 
In the context of mental health care, e-health is oft en referred to as e-mental health, 
which is said to encompass “the use of digital technologies and new media for the delivery 
of screening, health promoti on, preventi on, early interventi on, treatment or relapse 
preventi on as well as for improvement of health care delivery (e.g., electronic pati ent fi les), 
professional educati on (e-learning), and online research in the fi eld of mental health” (47,48). 
Various researchers stress the potenti al of e-mental health for a more pati ent-centered care. 
Drake and Deegan (49) argue for the development of comprehensive electronic decision 
support systems that link the informati on systems used by clinicians to the systems used 
by pati ents, as they consider these comprehensive systems to support a working practi ce 
that is in agreement with the recovery ideology and processes of shared decision making. 
Others have indicated opportuniti es for smart outcome monitoring systems (50) and the 
potenti al for personalized pati ent feedback applicati ons (51). In fact, smart technology has 
been menti oned as a prerequisite for realizing a more personalized medicine (13). One of 
the reasons menti oned is that automated treatment algorithms are needed to reduce the 
ti me clinicians otherwise have to spend on reading and analyzing the informati on for each 
individual pati ent separately (13). This latt er argument clearly shows that the promise for 
empowerment is not the only explanati on for the popularity of e-mental health. The other, 
at least as important, reason is the assumed potenti al for e-mental health as a cost-cutti  ng 
mechanism. There is an obvious tension between these two arguments. Achieving the best 
with the least amount simply sounds too good to be true. Indeed, the development of 
e-health tools may not lead to immediate savings. However, benefi ts are expected on the 
long term when successful applicati ons can be scaled, when e-mental health is integrated in 
the health care practi ce, and when ICT-supported self-management is realized. 
e-mental health and psychoti c disorders
Compared to the overall popularity of e-mental health, the enthusiasm for the development 
and implementati on of innovati ve technology for people with a psychoti c disorder has been 
limited (52). In a Dutch report providing an overview of e-mental health developments up ti ll 
2007, no initi ati ves for psychoti c disorders were identi fi ed (41). Some professionals advised 
against the use of ICT applicati ons in the care for people with a psychoti c disorder, because 
the complexity and severity of the disorder were assumed to make it less suitable for 
e-mental health (53-55). Having psychoti c experiences and using anti psychoti c medicati on 
are listed as exclusion criteria by Interapy, one of the earliest Dutch companies providing 
online therapy for mental health problems (41). Apart from reasons focusing on possible 
risks, other arguments for the lack of initi ati ves are based on presumed limited benefi ts. 
The biggest fi nancial profi ts o f e-mental health are expected to be gained in populati ons 
with less severe problems, for instance people with mild anxiety or depressive symptoms 
(41). Compared to people with a severe mental disorder, people with mild mental problems 
oft en have higher levels of functi oning and a higher income, thereby having bett er access 
to technological equipment, both physically and in terms of effi  cient use. However, neither 
form of reasoning justi fi es an approach that allows for growth of the ‘digital divide’, the 
gap between digital have and have-nots, knowers and know-nots (56). Many people with a 
psychoti c disorder have been faced with a history of exclusion. Loss of work, loss of friends 
and family, and the absence of a partner oft en cause people to feel isolated from society. To 
prevent a renewed exclusion, people with a psychoti c disorder need to be involved in the 
digital world. That has been my main moti vati on behind the present thesis. 
Aims and outline of the thesis
The aim of my PhD project was twofold: to investi gate the fi eld of e-mental health for people 
with a psychoti c disorder and to develop and evaluate a web-based personalized advice 
system for this target group. This thesis was part of a dual project in which Ando Emerencia, 
my colleague and fellow PhD student from Computer Science, focused on the technical and 
programming aspects of the project and I focused on the clinical aspects. 
Chapter 2 and 3 form the background of the thesis. Chapter 2 provides an overview of 
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with a psychoti c disorder. In chapter 3, the self-report version of the Camberwell Assessment 
of Need (CANSAS-p) is evaluated as a potenti al screening instrument for service users to 
assess their met and unmet care needs. This instrument was later used in our web-based 
applicati on. 
Chapter 4 to 7 describe the development and evaluati on of the web-based personalized 
advice system that I developed together with my colleague. This advice system is centered 
around routi ne outcome monitoring (ROM) data that are routi nely collected among service 
users in mental health care. Chapter 4 provides a brief descripti on of our fi rst prototype. 
Chapter 5 presents the design and content of the second prototype and results of a usability 
study with a small group of pati ents. Chapter 6 describes the technical aspects of the web-
based system. Chapter 7 reports on the results of a randomized controlled trial investi gati ng 
the eff ect of one specifi c part of the advice system. 
Chapter 8 and 9 focus on future perspecti ves of e-mental health. Chapter 8 provides an 
overview of serious gaming interventi ons that have been developed and evaluated for a 
variety of mental health problems, including three interventi ons for people with a psychoti c 
disorder. Chapter 9 focuses on an alternati ve way of collecti ng individual data and providing 
personalized feedback to service users, which could be a future extension of our web-based 
advice system. That chapter describes the potenti al of computerized idiographic analyses 
for clinical practi ce. 
In chapter 10 the main fi ndings of the thesis are summarized and discussed, and future 
directi ons are presented.  
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ABsTRACT
objecti ve: The aim of this review was to investi gate to what extent informati on technology 
may support self-management among service users with psychoti c disorders. The 
investi gati on aimed to answer the following questi ons: What types of e-mental health 
self-management interventi ons have been developed and evaluated? What is the current 
evidence on clinical outcome and cost-eff ecti veness of the identi fi ed interventi ons? To what 
extent are e-mental health self-management interventi ons oriented toward the service 
user?
methods: A systemati c review of references through July 2012 derived from MEDLINE, 
PsycINFO, AMED, CINAHL, and the Library, Informati on Science and Technology database 
was performed. Studies of e-mental health self-management interventi ons for persons with 
psychoti c disorders were selected independently by three reviewers.
Results: Twenty-eight studies met the inclusion criteria. E-mental health self-management 
interventi ons included psychoeducati on, medicati on management, communicati on and 
shared decision making, management of daily functi oning, lifestyle management, peer 
support, and real-ti me self-monitoring by daily measurements (experience sampling 
monitoring). Summary eff ect sizes were large for medicati on management (.92) and small 
for psychoeducati on (.37) and communicati on and shared decision making (.21). For all 
other studies, individual eff ect sizes were calculated. The only economic analysis conducted 
reported more short-term costs for the e-mental health interventi on.
Conclusions: People with psychoti c disorders were able and willing to use e-mental health 
services. Results suggest that e-mental health services are at least as eff ecti ve as usual care 
or nontechnological approaches. Larger eff ects were found for medicati on management 
e-mental health services. No studies reported a negati ve eff ect. Results must be interpreted 
cauti ously, because they are based on a small number of studies.
inTRoduCTion
Online therapies (1), Web-based self-management systems (2), and Internet forums (3,4) 
are rapidly becoming part of the mental health services repertoire. These “e-mental health” 
technologies are deemed likely to facilitate self-help processes (1,5); to lessen risk of 
sti gmati zati on (1); to off er faster, easier, and more (cost-) eff ecti ve access to help (1,5-8); 
and to provide a more neutral space in which service users can speak more freely (1,9). As 
a consequence, e-mental health care has the potenti al to support shared decision making, 
service user empowerment, and self-management (10-13). A review of self-management 
interventi ons has shown that computer-based interventi ons are eff ecti ve for service users 
with panic disorders, phobias, and obsessive-compulsive disorders, leading to reducti on of 
symptoms and bett er quality of life (14). Moreover, most service users seem to appreciate 
computerized interventi ons, in parti cular for enabling them to access services at home 
whenever they choose (14).
It is, however, unclear to what extent informati on technology is used to support self-
management for people with psychoti c disorders. Researchers and practi ti oners tend to 
consider psychoti c disorders to be less suitable for e-mental health interventi ons because 
of the complexity and severity of the disorder (15). Cogniti ve defi cits may limit eff ecti ve 
navigati on through user interfaces (16), and delusions may interfere with the use of 
Webcams, sensors, and other devices (17). So far, only one review has investi gated the use of 
informati on and communicati on technology by service users with psychoti c disorders (18), 
and it focused on psychoeducati on interventi ons only. Results indicated that there were 
no diff erences in eff ect on compliance and overall functi oning between these technology-
based psychoeducati on interventi ons and standard care. This fi nding is important because 
it might indicate that e-health interventi ons may be more cost-eff ecti ve than standard care 
if e-health can be implemented with litt le cost.
In this review, we explore the state of the art of e-mental health care applicati ons for 
self-management for people with a psychoti c disorder. We aimed to answer the following 
questi ons: What types of e-health self-management interventi ons have been developed 
and evaluated? What is the current evidence on clinical outcome and cost-eff ecti veness of 









We conducted a systemati c literature search of the following databases, up to July 2012: 
MEDLINE, PsycINFO, AMED, CINAHL, and the Library, Informati on Science and Technology 
database. We used the terms schizophrenia, schizophrenic, schizoid, schizo-aff ecti ve, 
schizoaff ecti ve, schizophreniform, schizophrenia*, schizophrenic*, schizoid*, schizo-
aff ecti ve*, schizoaff ecti ve*, schizophreniform*, schizomanic, psychosis, psychoti c, delusion, 
delusional, severe mental illness, and severe mental disease. These terms were crossed with 
computer*, digital, online, Web, Web-technology, Web-based, Internet*, Internet portal, 
Web technology, technology, computer aided, computer facilitated, informati on technology, 
CD-ROM, communicati on technology, interacti ve, gaming, multi media, informati cs, 
cell phone, smartphone, mobile phone, ecological momentary assessment, experience 
sampling, decision support system, decision aid, serious gaming, edutainment, edugame, 
telehealth, telepsychiatry, telemedicine, e-health, and e–mental health as free text words 
and medical subject heading terms. 
The search was limited to references in English, German, French, and Dutch. Reference 
lists of retrieved arti cles were searched for additi onal relevant studies. The full search 
strategies can be obtained from the corresponding author on request. 
deﬁ niti ons
E-mental health was defi ned as the use of informati on and communicati on technology to 
support or improve mental health care. To defi ne self-management, we used the descripti on 
introduced by Barlow and colleagues (14): “Self-management refers to the individual’s 
ability to manage the symptoms, treatment, physical and psychosocial consequences and 
life style changes inherent in living with a chronic conditi on. Effi  cacious self-management 
encompasses the ability to monitor one’s conditi on and to aff ect the cogniti ve, behavioural 
and emoti onal responses necessary to maintain a sati sfactory quality of life.” As refl ected in 
the defi niti on, self-management is a broad concept involving multi ple domains.
study selecti on criteria
We included clinical trials as well as observati onal (feasibility and acceptability) studies 
because our aim was to provide a comprehensive overview of the interventi ons developed. 
In additi on, feasibility and acceptability studies off er valuable informati on for setti  ng future 
directi ons for research and development. A study protocol was established before study 
selecti on. It was tested on a sample of seven studies and refi ned accordingly. Arti cles were 
included when they described a study focusing on the use of an e-health tool or interventi on 
delivered via a computer, phone or mobile phone, personal digital assistant (PDA), or other 
device connected to a computer or server, whether Internet based or not for use by persons 
with schizophrenia or a related psychoti c disorder or described a tool or interventi on that 
can help service users with schizophrenia or a related psychoti c disorder to manage their 
illness and well-being and improve their outcomes. Arti cles had to present original data; 
that is, reviews were excluded.
Excluded were studies describing an e-health tool or interventi on designed for research or 
diagnosti c purposes only or for use by service users’ relati ves. Lett ers, editorials, speeches, 
posters, comments, book reviews, and theoreti cal or background arti cles also were excluded. 
Furthermore, we excluded arti cles investi gati ng computer-based cogniti ve remediati on or 
cogniti ve enhancement therapy, because good reviews of remediati on have already been 
published (19-22).
In additi on, we decided that in case of multi ple publicati ons on the same study, the most 
representati ve publicati on (the most recent or complete study or the best study design) 
was to be included and described in the Results secti on, with reference to the related 
publicati ons.
data extracti on
Studies were identi fi ed and selected by three raters independently (LvdK, LW, and SS). 
Interrater reliability of the selecti on of studies, calculated as Fleiss’ kappa, was .79, which 
indicates good reliability (23). Disagreements between the raters were discussed unti l 
consensus was reached. A fl owchart of the retrieval procedure can be found in Figure 1. (A 
list of excluded studies are available online as a data supplement to this arti cle.) Data were 
extracted by one reviewer (LvdK), and a random check was conducted by a second reviewer 
(SS), which revealed no signifi cant deviati ons.
Quality assessment 
Quality assessment of the clinical trials was conducted by using the Downs and Black scale 
(24), which consists of 27 criteria to evaluate both randomized controlled trials (RCTs) and 
nonrandomized trials. The Downs and Black scale is considered to address the key quality 
methodological domains important for assessment in the context of systemati c reviews (25), 
covering reporti ng, external validity, bias, confounding, and power. In the original version of 
the scale, studies can obtain a maximum of 32 points.
For this study, the original scoring was modifi ed slightly; specifi cally, the scoring for 
questi on 27, dealing with stati sti cal power, was simplifi ed to 1 or 0, as has been done 
by others (26,27). Consequently, the maximum total score that studies could obtain in this 
review was 28. The score ranges were grouped into the following four quality levels: excellent 
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Three raters (LvdK, LW, and SS) independently conducted the quality assessment. (An overview 
of rati ngs is available online in the data supplement.) Interrater reliability - calculated with 
two-way, single-measure mixed intraclass correlati ons with absolute agreement - was 0.72m 
which is good, according to Cicchetti   (28). A quality assessment of acceptability and feasibility 
studies was not conducted, because there are no validated quality assessment instruments of 
this kind in this area.
stati sti cal analysis
To calculate eff ect sizes of the clinical trials, we used Hedges’ g coeffi  cient, which is a 
standardized mean diff erence, d, multi plied by a correcti on factor, J, where J=1-(3/(4*df-1)), 
in which df=df Ntotal-2. Positi ve values indicated that the interventi on conditi on improved 
more than the control conditi on, and we used Cohen’s (29) strati fi cati on of eff ect sizes, where 
.20 is small, .50 is medium, and .80 is large. A meta-analysis was performed when two or more 
studies could be clustered on the basis of interventi on type and when these studies had a 
similar outcome measure. In case of multi ple primary outcome measures, we chose the one 
that best fi t the goal of the interventi on type. When multi ple control groups were included, we 
compared the interventi on group with the group that received care as usual. In cases where 
more than one assessment was available, we used the fi rst assessment aft er the interventi on 
ended. For studies that could not be included in the meta-analysis, we calculated individual 
eff ect sizes.
In all cases, the random-eff ects model was chosen because of anti cipated heterogeneity 
between research designs. All analyses were performed with version 2 of Biostat’s 
comprehensive meta-analysis program.
ResulTs
The search identi fi ed a total of 28 studies meeti ng the inclusion criteria for the systemati c 
review; 14 studies were clinical trials (11 RCTs and three nonrandomized trials), and 14 were 
feasibility and acceptability studies. Study characteristi cs and key results are presented in 
Tables 1 and 2. Our quality assessment revealed that four clinical trials were of fair quality and 
the remaining trials were of good quality. Across all studies, att riti on varied from 0% to 50% 
and was lowest in studies in which convenience sampling was used as the recruitment strategy. 
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outcome measuresf Key resultsg dropouth Quality 
rati ngi
Beebe et al. 2008 
(30);
also 2004 (63)
U.S. 29 60 systemati c 
identi fi cati on
RCT 3 
months
TIPS, medicati on 
adherence plus usual 
care
15 Usual care 14 Pill counts (number of 
pills missing from the 
bott le minus number of 
pills prescribed)
Bett er medicati on 









Brunett e et al. 
2011 (31)















system to moti vate 
quitti  ng smoking, 
plus usual care
21 Waiti ng list 20 Moti vati on to quit 
smoking, measured by a 
self-report questi onnaire 
developed for this study
Higher moti vati on to quit 




Frangou et al. 
2005 (32)
U.K. 108 23 systemati c 




of medicati on 
adherence at home, 
plus usual care
36 Usual care (N=36); 
hospital pharmacists 
monitoring adherence 
by counti ng pills, plus 
usual care (N=36)
 72 Medicati on adherence; 
PANSS; CGI; resource 
uti lizati on
Bett er adherence in 
e-monitoring versus 
control groups; bett er
PANSS score in 
e-monitoring and pill 
counti ng groups versus 
usual care; bett er CGI 
scores in e-monitoring 
group versus both control 
groups;
interventi on group had 








Jones et al. 2001 
(33)
U.K. 112 67 populati on-
based 
invitati on 











(N=28); combinati on 
psychoeducati on 
by computer and 
community psychiatric 
nurse (N=28)
56 Sati sfacti on; KISS; 

















Kaplan et al. 2011 
(34)






2 interventi on 
groups: unmoderated 
internet peer support 
Listserv (N=101); 
unmoderated 
internet peer support 
bulleti n board (N=99) 






Waiti ng list 100 RAS; Lehman’s Quality 
of Life Interview; 
Empowerment Scale; 
MOS; HSCL; questi ons 
on frequency of 







































outcome measuresf Key resultsg dropouth Quality 
rati ngi
Madoff  et al. 1996 
(36) 
U.S. 55l 45 systemati c 







34l Usual care (medicati on 
instructi on by a nurse) 
21 Knowledge retenti on 
(test scores) and 
medicati on compliance 
(indicated by telephone)
No diff erences between 
groups;
both groups scored 
signifi cantly bett er in 









Pijnenborg et al. 




79 unclear Quasi- 
randomized, 
waiti ng list 
controlled 
trial: ABA (n = 




SMS text message 
prompts to support 
daily functi oning
62 Waiti ng list 62 Percentage of goals 
achieved
Overall percentage of 
goals achieved increased 
in interventi on group but 
dropped aft er withdrawal 
of prompts
24% of total 21
(good)




507 65 systemati c 
identi fi cati on










271 Usual care 
(communicati on 
without DIALOG system) 
236 MANSA; CANSAS-P; 
Client Sati sfacti on 
Questi onnaire
Between-groups 
diff erences on all 3 
measures, showing 










Rotondi et al. 
2010 (39) ; also 
2005 (72)







16 Usual care (conventi onal 
psychoeducati on) 
15 Scale for the Assessment 
of Positi ve symptoms; 
KISS, automati cally 
recorded usage patt erns 
of website use
Reducti on in positi ve
symptoms and increase in 
schizophrenia knowledge 
in interventi on group
3% of total number of 
service users (dropout 




Sims et al. 2012 
(40)
U.K. 2817o 44p systemati c 





SMS text messages 
reminders mental 
health appointments 
either 7 and 5 days 
prior (N=1,081) or 
7 and 3 days prior 
(N=1,088) , 
plus usual care
2,169 Usual care 648 Number of missed 
appointments
Higher att endance in 
interventi on conditi on; 
no diff erence between 




Steinwachs et al. 
2011 (42)
U.S. 50q 66 systemati c 










users to discuss 
treatment with their 
therapist 
24 Video about 
schizophrenia treatment 
and brochures; no 
personalized feedback 
26 RIAS for durati on of 
visit, no of statements 






acti vely to the
dialogue, had less verbal 
dominance from
clinicians, and had higher 






























outcome measuresf Key resultsg dropouth Quality 
rati ngi
Woltmann et al. 
2011 (43) 
U.S. 80r 66 systemati c 
identi fi cati on






to improve service 
user-clinician 
communicati on and 
treatment planning, 
added to care as 
usual 
40 Usual care 40 Self-developed self-
report questi onnaires 
focusing on sati sfacti on 
with the treatment 
planning process; 














a  All parti cipants were adults with a diagnosis of schizophrenia or a related psychoti c disorder, unless specifi ed 
otherwise.
b  Recruitment by systemati c identi fi cati on refers to a strategy in which parti cipants were identi fi ed in a 
systemati c way, with strict inclusion and exclusion criteria, within one or more departments of a health care 
service.
 Recruitment by populati on-based invitati on refers to a strategy in which members of broadly defi ned 
populati ons received an open invitati on. Recruitment by convenience sampling refers to a nonprobability 
method in which parti cipants were selected because they were easy to recruit.
c  RCT, randomized controlled trial
d  TIPS, telephone interventi on for problem solving; SMS, short-message system; ITAREPS, Informati on 
Technology-Aided Program of Relapse Preventi on in Schizophrenia
e  In case of multi ple control groups, the fi rst group was included in the analysis.
f  PANSS, Positi ve and Negati ve Syndrome Scale; CGI, Clinical Global Impression Scale; KISS, Knowledge and 
Informati on About Schizophrenia Schedule; BPRS, Brief Psychiatric Rati ng Scale; ITAQ, Insight and Treatment 
Atti  tudes Questi onnaire; GAF, Global Assessment of Functi oning; RAS, Recovery Assessment Scale; MOS, 
Medical Outcomes Study social support; HSCL, Hopkins Symptom Checklist; PSS-Fin, Pati ent Sati sfacti on Scale 
(Finnish version); MANSA, Manchester Short Assessment of Quality of Life; CANSAS-P, self-rated version of the 
Camberwell Assessment of Need Short Appraisal Schedule; RIAS, Roter Interacti on Analysis System
g  Diff erences refer to stati sti cally signifi cant diff erences.
h  Dropout percentages are based on the number of enrolled service users. In case of recruitment by systemati c 
identi fi cati on and recruitment by populati on-based invitati on, dropout percentages for the total N based on 
the number of invited service users are included in parentheses. “Not reported” means that studies did not 
present fi gures about eligibility and enrollment.
i  The maximum possible score was 28, and quality scores were grouped into the following four levels: excellent, 
26–28; good, 20–25; fair, 15–19; poor, ,15.
j  Schizophrenia spectrum disorder (22%) or aff ecti ve disorder (78%)
k  Related publicati ons: Koivunen et al. 2007 (64), 2010 (65); Antti  la et al. 2008 (66); Välimäki et al. 2008 (67); 
Hätönen et al. 2010 (68); Pitkänen et al. 2011(69) 
l  Includes 13 pilot study parti cipants
m  Related publicati on: Hansson et al. 2008 (71) 
n  Parti cipants were over 14 years old; in additi on, the study included 24 support persons.
o  N is mental health appointments; 458 (16%) were appointments for service users with a psychoti c disorder 
(mean age of 43 years).
p  Percentage of appointments with male service users
q  Parti cipants were over 13 years old; in additi on, the study included 20 clinicians.
r  In additi on, the study included 20 case managers.
Table 2. Feasibility and acceptability studies of e-mental health interventi ons for people with a 
psychoti c illnessa
study n sex Recruitment meansb study aim interventi on/tool measurement Key results dropout rate ( %)c








Evaluati on Computer-based 
anti psychoti c medicati on 
adherence system with 
conversati onal avatar 
agent
- System use 
- Medicati on 
adherence
- Physical acti vity
- Sati sfacti on 
- Service users talked to agent 66% of available 
days. 
- Number of days with correct medicati on intake 
ranged from 8% to 100%.
- Walking goals were met 84% of the ti me. 
- Sati sfacti on was high
20
Deegan et al. 2008 
(46) 
U.S. 189 with severe





a psychoti c disorder
Recruitment by 
systemati c identi fi cati on
Evaluati on Interacti ve computerized 
shared-decision making 
program with support 
from peer specialist
- Log of service 
users’ acti viti es and 
experiences of focus 
group (service users 
(n = 16), peer specialist 
(n = 3), case managers 
(n = 14), medical staff  
(n = 4))
Service users found program helpful and 
enjoyable. Service users were willing to disclose 
informati on not previously disclosed in 
face-to-face contact. Staff  and case managers 
found it helpful.
5d
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study n sex Recruitment meansb study aim interventi on/tool measurement Key results dropout rate ( %)c
Depp et al. 
2010 (47) 
U.S.  Evaluati on
Study 1 8 adults NR Unclear Mobile assessment





Service users were using the devices in intended
ways; remaining outcomes are pending
37
Study 2 9 adults 100 Unclear Telephone-based 
skills training and 
empowerment program 





Compared with a matched sample, parti cipants 
showed greater improvement in functi onal 
outcomes; feasibility outcome: some parti cipants 
were concerned that phones may be lost or 
stolen and kept them in a locked cabinet
11
Farrell et al. 2004 (48) U.S. 9 adults with severe 
mental illness






web portals providing 
informati on about health 
services and community 
resources
Qualitati ve usability 
assessment
Parti cipants were interested in fi nal product 





Australia NA NA NA Development Website for moderated 
online social therapy, 
including therapy modules 
with a social networking 
functi on
Testi ng planned in 
2013
Results pending NA
Haker et al. 2005 (3) Switzerland 576 users of 12 
internati onal 
schizophrenia 
forums; 58% claimed 
to be aff ected, of 
which 81% stated 
to suff er from 
schizophrenia or 
psychoses
NR No recruitment; NA Evaluati on Use of internet forum for 
peer support
Percentage of self-help 
mechanisms (SHMs) 
and fi elds of interest 
(FOI), based on 1,200 
forum posti ngs
The most important SHMs were disclosure of 
personal experience, 48%; providing informati on, 
42%; and request for informati on, 28%.
NA
Killackey et al. 2011 
(50)
Australia NA NA Systemati c identi fi cati on 
(but ‘expressing an 
interest in interventi on’ 
as inclusion criterion)
Development Internet enabled mobile 
running program
Feasibility and 
acceptability by means 
of interviews
Results pending NA
Ku et al. 2007 (51) Korea 10
adults
50 Convenience sampling Evaluati on Virtual Reality-
based conversati on 
training, consisti ng of 
4 steps: greeti ngs and 
introducti on, managing 
conversati on, listening 
and speaking, ending 
conversati on.
Sati sfacti on; 




Overall sati sfacti on moderate (6.3–7.5 out of 10 
points); feelings of copresence, perceived others’ 
presence, and social presence were moderate 
(67.5–71.7 out of 100 points)
0
Myin-Germeys et al. 
2011 (52)
Netherlands NA NA NA Development Mobile real world 
momentary assessment 
interventi on
NR Results pending NA
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study n sex Recruitment meansb study aim interventi on/tool measurement Key results dropout rate ( %)c
Sablier et al. 2012 (53) Canada 14 adults 33 Unclear Evaluati on A PDA-based system for 
managing acti viti es of 
daily living 
Usage of PDA 
for acti viti es and 
symptom; sati sfacti on
Service users carried out a mean of 43% of the 
acti viti es prompted by the PDA; in 14% of the 
cases, service users used the PDA to report 
symptoms; sati sfacti on was low
50
Sherman 1998 (54) U.S. 60 adults with severe 
mental illness, 
30 of whom had 
schizophrenia or 
psychoti c disorder
52 Systemati c identi fi cati on Design 
development, 
and evaluati on
Computer-based creati on 
of psychiatric advance 
directi ves
Sati sfacti on Overall good sati sfacti on except that service users 
wanted additi onal topics covered.
35f
Shrimpton et al. 2005 
(55) 
Australia 4; experienced 
psychoses;.
late teens, early 
twenti esg




and evaluati on 
Computer game for 
educati on
Open interviews about 
sati sfacti on
Service users were enthusiasti c and considered 
the game att racti ve, but major fl aws were 
revealed, and complete reworking of the game 
was suggested
0h 
Krieke van der et al. 
2012 (56)





system for routi ne 
outcome monitoring
Heuristi c evaluati on; 
qualitati ve assessment 
of system and advice; 
sati sfacti on
Informati on technology experts reported minor 
problems, most of which were fi xed immediately; 
service users were able to work with the system 
and considered the advice meaningful; mean 
± SD sati sfacti on score was 73.666.6 (out of a 
maximum of 90)
6
Walker et al. 2006 (57) U.K. 10
adults 
80 Systemati c identi fi cati on Evaluati on Computer-based 
psychoeducati on
Semi-structured 
sati sfacti on interviews
Overall good sati sfacti on: acceptable and 
enjoyable, litt le diffi  culty working with the 
program. Service users were able to develop 
personal relapse preventi on plan. 
0i
a  All parti cipants had a diagnosis of schizophrenia or a related psychoti c disorder, unless specifi ed otherwise. NA, 
not applicable because research is ongoing; NR, not reported; PDA, personal digital assistant
b  Recruitment by systemati c identi fi cati on refers to a strategy in which parti cipants were identi fi ed in a 
systemati c way, with strict inclusion and exclusion criteria, within one or more departments of a health care 
service.
 Recruitment by populati on-based invitati on refers to a strategy in which members of broadly defi ned 
populati ons received an open invitati on. Recruitment by convenience sampling refers to a nonprobability 
method in which parti cipants were selected because they were easy to recruit.
Table 2. Conti nued
c  Based on the number of enrolled service users. In case of recruitment by systemati c identi fi cati on dropout 
percentages for the total N based on the number of invited service users are menti oned between brackets.
d  Dropout rate based on 5 invited
e  Measured by the University of California, San Diego, Performance-Based Skills Assessment
f  The number invited was unknown.
g  The user group included professionals as well as 4 service users.
h  Only 4 service users were willing to parti cipate, whereas researchers hoped for more.
i  Dropout rate based on 50 invited
e-mental health self-management interventi ons and outcome
Although the identi fi ed self-management interventi ons showed substanti al variability 
in form, content, and durati on, the studies could be clustered according to the self-
management components they focused on, as presented below. (Eff ect sizes of clinical 
trials, grouped by interventi on type, are available in Figure 2.) Summary eff ect sizes could be 
calculated for three interventi on types, namely psychoeducati on, medicati on management, 
and communicati on and shared decision making. For the remaining interventi on types, the 
number of included studies was not suffi  cient to calculate a summary eff ect size.
Psychoeducati on
Most studies focused on psychoeducati on. Computer programs (available off -line, not 
via the Internet) examined by Madoff  and colleagues (36), Walker (57), and Jones and 
colleagues (33), as well as the Web portal described by Farrell and colleagues (48), provide 
general informati on about schizophrenia and psychoti c disabiliti es, medicati on, other 
treatment opti ons, and various community services, such as housing, employment services, 
and rehabilitati on services. Two other studies described computer programs that contain 
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for peer support (35,39). An additi onal study reported results of a so-called “serious game” 
(55), which is a game designed for an educati onal purpose, thus combining learning with fun. 
In this case, the game was designed to enhance service users’ understanding of psychosis. 
In the usage scenario anti cipated by the designers, service users could play the game during 
several sessions at a community mental health center or at home and discuss their gaming 
experiences aft erward with a clinician.
figure 2. Eff ect sizes of clinical trials
Abbreviati ons: CSQ = Client Sati sfacti on Questi onnaire; MANSA = Manchester Short Assessment of Quality of Life; 
RIAS = Roter Interacti on Analysis System; CGI = Clinical Global Impression scale; PANSS = Positi ve and Negati ve 
Syndrome Scale; CPN visits = Community Psychiatric Nurse visits; HSCL-25 = Hopkins Symptom Checklist-25; MOS 
support = Medical Outcome Study – social support; QOL = Lehman’s Quality of Life interview; RAS = Recovery 
Assessment Scale; KISS = Knowledge and Informati on about Schizophrenia Schedule
# Control group is waiti ng list (control groups of all other studies are care as usual).
*Based on Steinwachs and colleagues, 2011; Woltmann and colleagues, 2011
**Based on Beebe and colleagues, 2008; Frangou and colleagues, 2005
***Based on Jones and colleagues, 2001; Madoff  and colleagues, 1996; Rotondi and colleagues, 2010
NB: Size of the central point in hedges’ g indicates the sample size.
The eff ect size for e–mental health computerized psychoeducati on interventi ons compared 
with usual care on the outcome of knowledge was small (Hedges’ g=.37; 95% confi dence 
interval (CI)=-.07 to .80), based on three studies (33,36,58). 
Medicati on management
Four studies investi gated an e-health tool or interventi on directed at management of 
medicati on. In the study by Frangou and colleagues (32), service users were provided a 
medicati on dispenser that recorded their medicati on adherence. Every ti me service users 
opened the box to take a pill, the medicati on dispenser transmitt ed this informati on via 
a modem to the computer of the research team. When service users took less than 50% 
of their prescribed medicati on, the computer sent an e-mail alert to their clinician. The 
study by Spaniel and colleagues (41) described a mobile phone interventi on that aimed to 
detect early-warning signs of psychoti c relapse. Service users in the study were instructed 
to complete a ten-item Early Warning Signs Questi onnaire sent weekly by an automated 
system to their mobile phones, via short-message system (SMS text message) request. If 
a certain threshold was exceeded, the service user’s psychiatrist received an e-mail alert 
recommending contacti ng the client and increasing the dosage of anti psychoti c medicati on 
by 20%. In these two studies, the interventi ons primarily enabled bett er monitoring of 
service users by clinicians.
The other two studies focused on medicati on management by promoti ng a more acti ve role 
among service users. Beebe and colleagues (30) described a nursing telephone interventi on 
to support problem solving. Parti cipati ng service users received a weekly phone call from a 
nurse. During this phone call, service users were guided in problem-solving processes for a 
variety of diffi  culti es identi fi ed. Furthermore, they received reminders regarding medicati on 
and were provided means to assess the eff ecti veness of coping eff orts. Bickmore and 
colleagues (45) examined a computer-based anti psychoti c medicati on adherence system 
with an avatar agent installed on a laptop at the service users’ homes. Aft er service users 
powered on the laptop, the avatar started talking to them about their medicati on use. 
Service users could respond by clicking a butt on from a dynamically updated multi ple-
choice menu. The avatar also taught techniques for self-maintenance (such as using a multi -
compartment pill box and a calendar) and encouraged service users to engage in physical 
acti vity, such as a 30-minute walk.
E-health medicati on management interventi ons compared with care as usual had a large 
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Communicati on and shared decision making
Six studies were directed toward improved communicati on between service user and 
clinician or toward a process of shared decision making. Priebe and colleagues (38) described 
a computer program for service users to rate their sati sfacti on with and need for extra help 
on eight life domains. The output was interpreted by the clinician and used in a therapy 
session with the service user. Sherman (54) reported on an interventi on with an electronic 
applicati on to support service users in creati ng advance directi ves. Advance directi ves are 
documents containing instructi ons about what acti ons should be taken in regard to service 
users’ health in case psychosis renders them incapable of making rati onal decisions. Service 
users were provided with an interacti ve presentati on about the purpose, types, and pros 
and cons of advance directi ves; they were evaluated to determine whether they had the 
capacity to master the informati on; and they were interviewed about topics they would like 
to include in their directi ves. Finally, a copy of the advance directi ves was printed, including 
a wallet-sized card stati ng that an advance directi ve exists and where to access it.
In the study by Deegan and colleagues (46), service users were provided with an Internet-
based computer program that supported them in identi fying and formulati ng their personal 
values associated with medicati on use in advance of an appointment with their psychiatrist. 
If service users needed help using the computer, they received it from a peer. The computer 
program fi rst explained the concept of recovery and encouraged service users to refl ect 
on their own personal strategies and means of supporti ng recovery and wellness. Service 
users completed a survey inquiring about their symptoms, psychosocial functi oning, 
and medicati on use. In additi on, they were asked about a number of common concerns 
regarding medicati on use, and fi nally, they were encouraged to formulate a personal goal 
before their psychiatric appointment. Aft er service users completed the various steps, the 
computer generated a report for them as well as for their psychiatrist, for discussion at their 
next appointment.
Woltmann and colleagues (43) investi gated the feasibility of an applicati on to facilitate 
shared decision making in care planning. At a computer kiosk in the mental health service 
facility, clients could use a touch screen to indicate their personal prioriti es and ideas for health 
care services. On the basis of this informati on, service users could create their personal care 
plan. Aft er case managers completed a similar process, the two perspecti ves were merged 
electronically and discussed in a meeti ng in which service user and case manager created 
a fi nal care plan. Steinwachs and colleagues (42) reported about YourSchizophreniaCare, a 
Web-based interventi on that helps service users navigate six areas of care (medicati on, side 
eff ects, referrals, family support, employment, and quality of life). Service users answered 
questi ons and were given personalized feedback, including videos of actors recommending 
how to discuss specifi c topics with clinicians. In the most recent study, van der Krieke and 
colleagues (56) assessed the usability of a Web-based support system that gives service 
users access to the results of their routi ne outcome monitoring and provides concrete and 
personalized advice. The system is designed to support service user parti cipati on in medical 
decision making.
E-health communicati on and shared decision-making interventi ons compared with care 
as usual had a small eff ect on sati sfacti on (Hedges’ g=.21; CI=.03-.38), a fi nding based on 
two studies (38,43).
Management of daily functi oning
Five studies investi gated e-health tools and interventi ons aiming at management of daily 
functi oning. Pijnenborg and colleagues (37) investi gated a mobile phone interventi on in 
which SMS text messages functi oned as prompts to remind service users of the goals they 
had set for themselves when identi fying individual needs during a six-week psychoeducati on 
interventi on. The goals that service users chose varied from “taking medicati on,” to “relaxing 
two hours during the aft ernoon,” to “att ending a band rehearsal.” In a comparable study, 
Sablier and colleagues (53) programmed PDAs with prompts to remind service users of their 
personal schedule of daily acti viti es. Service users could register completed acti viti es and 
indicate whether they experienced any clinical symptoms. The registered informati on was 
sent to the PDA of their caregivers, whose PDA applicati on allowed them to create, modify, 
and delete date and ti me of the daily acti viti es of their clients. Sims and colleagues (40) 
investi gated the eff ect of SMS text messages as reminders to service users of appointments 
with their clinician.
Another study, by Ku and colleagues (51), examined an interventi on consisti ng of 
conversati onal training in a virtual environment with avatars. Service users were presented 
a virtual social situati on, displayed on a big screen, in which they had to go through a 
scenario of greeti ng others and introducing themselves, starti ng the conversati on, choosing 
conversati on topics, alternati ng listening and speaking, and ending the conversati on. In the 
opening scenario, service users approached a group of people sitti  ng around a table, and 
they had to decide whether or not they could join the group.
Depp and colleagues (47) described two interventi ons, one of which is a 24-week 
telephone-based program aimed at increasing social skills and everyday living. Parti cipants 
received a 20-minute phone call from a counselor, who discussed various topics, including 
service users’ well-being, emoti ons, symptoms, specifi c skills to reinforce previous training, 
barriers to practi cing skills and achieving goals, and reinforcement of achievements. The 
other interventi on Depp and colleagues described was a mobile phone interventi on directed 
at assessment and cogniti ve-behavioral therapy for three domains, namely auditory 
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Lifestyle management
Two studies could be classifi ed as focusing on lifestyle management. Brunett e and colleagues 
(31) described a Web-based computer decision support system to encourage service users 
to quit smoking. The program initi ally assessed a user’s smoking behavior (such as number 
of cigarett es smoked per day, money spent on tobacco products, and carbon monoxide 
level) and provided feedback about these measures. Informati on about the health risks of 
smoking was presented as an image of the human body with interacti ve parts. Service users 
completed exercises that resulted in a summary list of smoking pros and cons, which could 
be printed out and taken to an appointment with a clinician. Users also were provided an 
opportunity to discuss matt ers with a smoking cessati on specialist.
Killackey and colleagues (50) described a running fi tness program that is Web based for 
mobile devices. Two freely available applicati ons can be downloaded to an iPod Touch, 
namely the Couch-to-5K training applicati on (www.coolrunning.com/engine/2/2_3/181.
shtml) and the Nike+ applicati on (nikerunning.nike.com/nikeos/p/nikeplus/en_EMEA/
what_is_nike_plus), which measures running acti viti es through a Nike+ running sensor 
that is att ached to running shoes. Service users parti cipati ng in the running program are 
provided with an iPod Touch, and they can track the distance traveled, the durati on of each 
run, and the pace. Furthermore, they have access to a social networking Web site and a 
Nike+ account, where training progress is displayed.
 
Peer support
Two studies investi gated the use of online peer-support forums for people with a psychoti c 
disorder (3,34). These forums functi on as a platf orm for service users to exchange informati on 
and personal experiences with peers, either moderated (34) or not (3). Another study (49) 
reported the development of a Web site that integrates therapy modules with a private 
moderated social networking “cafe.” The e-cafe functi ons included a personal profi le page, a 
network of friends, a group problem-solving functi on, and a discussion forum.
Experience sampling monitoring
Myin-Germeys and colleagues (52) described the development of a PDA-like device called 
Psymate for monitoring symptoms. The Psymate’s primary focus is self-assessment beyond 
the clinical setti  ng to aid in the treatment of paranoia, hallucinati ons, negati ve symptoms, 
and other problems.
Cost-eﬀ ecti veness
Only one study included an economic analysis, which showed that costs of e–mental health 
self-management interventi ons were higher than expected because of the lack of computers 
at service users’ homes and the need for transportati on to locati ons with computer faciliti es 
(33).
Table 3. Types of service user involvement in studies of e-mental health interventi ons for people with 
psychoti c illnessa
Reference interventi on is 












or system is 





Beebe et al. (2008) - - √ √ NA
Bickmore et al. (2010) - - √ √ √
Brunett e et al. (2011) - - √ √ √
Deegan et al. (2008) √ √ √ √ √
Depp et al. (2010) study 1 - - √ √ -
Depp et al. (2010) study 2 - √ √ √ √
Farrell et al. (2004) √ √ √ - √
Frangou et al. (2005) - - √ - -
Gleeson et al. (2012) √ √ √ - √
Haker et al. (2005) √ - √ √ -
Jones et al. (2001) - - √ √ -
Kaplan et al. (2011) √ - √ √ -
Killackey et al. (2011) - - √ √ -
Ku et al. (2007) - - √ - -
Kuosmanen et al. (2009) √ √ √ √ √
Madoff  et al. (1996) - - √ - -
Myin-Germeys et al. (2011) - - √ √ √
Pijnenborg et al. (2010) - √ √ √ -
Priebe et al. (2007) - - √ √ -
Rotondi et al. (2010) √ √ √ - √
Sablier et al. (2012) - - - √ √
Sims et al. (2012) - - √ √ -
Sherman (1998) √ √ √ √ -
Shrimpton et al. (2008) - - √ √ -
Spaniel et al. (2012) - - - - -
Steinwachs et al. (2011) √ - √ √ -
Van der Krieke et al. (2012) √ √ √ √ √
Walker et al. (2006) - √ √ - -
Woltmann et al. (2011) - - √ √ √
aReported items are checked(√); items that were either not reported or reported in the study as not being included 
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orientati on of self-management interventi ons
Table 3 indicates to what extent service users are involved in e–mental health self-
management interventi ons. In almost all interventi ons described, service users receive 
feedback on their input, and most interventi ons or e-health tools are tailored to the 
individual user. In approximately one-third of the studies, service users were involved in 
development of the interventi ons, which were based explicitly on service users’ needs, and 
the design of the e-health tool could be adapted to their usability needs.
disCussion
This is the fi rst comprehensive review exploring the area of e-mental health care applicati ons 
for self-management by service users with a psychoti c disorder. Results suggest that people 
with psychoti c disorders are able and willing to use e-health services. Whereas two clinical 
trials required access to the Internet or a mobile phone and some observati onal studies used 
a convenience sample, the vast majority of studies had no special requirements for service 
users’ access to and experience with technological devices. However, att riti on rates indicate 
that this fi nding should be interpreted with cauti on. Based on the number of service users 
enrolled in the study, att riti on rates varied from 0% in studies using convenience sampling to 
50% in studies with more systemati c recruitment strategies. Starti ng from the total number 
of service users invited, we found that dropout rates varied from 32% to 65%.
Types of e-mental health self-management interventi ons
Our search found a wide variety of interventi ons, and this diversity indicates that multi ple 
aspects of self-management are being targeted. A theme that seems to be missing from the 
existi ng interventi ons is that of fi nding meaning and maintaining a positi ve outlook, which 
service users have indicated is an important component of self-management (59). Future 
initi ati ves for self-management interventi ons may benefi t from taking a recovery approach. 
A logical step may be to transform parts of the illness management and recovery program 
(60,61) into e-mental health interventi ons.
evidence base for clinical outcome and cost-eﬀ ecti veness
The results suggest that e-mental health interventi ons are at least as eff ecti ve as standard 
mental health care, according to the eff ect sizes of individual studies. (These studies were 
predominantly on the right-hand side of the forest plot in the online data supplement.) 
Summary eff ect sizes indicate that interventi ons focusing on medicati on management and, 
to a lesser degree, on psychoeducati on and on communicati on and shared decision making 
are more eff ecti ve than care as usual or nontechnological approaches to mental health care. 
What should be taken into account, however, is that the care-as-usual conditi ons were not 
always clearly described. Moreover, in some trials, usual care was compared with usual 
care plus the interventi on, meaning that the technological approaches functi oned as a 
supplement to routi ne care. In additi on, our calculati ons were based on very few studies.
Although the results need to be interpreted with cauti on, the fact that none of the studies 
showed a negati ve eff ect seems promising. The results of our study are partly in line with 
the outcomes reported by Välimäki and colleagues (18). Their results showed that e-mental 
health interventi ons focusing on psychoeducati on were as eff ecti ve as standard care. 
Furthermore, they reported that technology-based interventi ons improved medicati on 
compliance in the long term. However, the diff erence in focus and included studies precludes 
a detailed comparison between our study and that of Välimäki and colleagues (18).
No conclusions can be drawn about cost-eff ecti veness of e-mental health self-management 
interventi ons, because this aspect barely has been addressed in the studies conducted so 
far. The one study we found that conducted an economic analysis reported higher costs 
in the interventi on conditi on because computers were purchased for service users. In 
some studies, costs were not analyzed, but a reducti on of costs seemed very plausible, as 
in the case of text message reminders that signifi cantly decreased the number of missed 
appointments with clinicians (40).
Lack of evidence can be partly explained by the newness of this fi eld of research. 
However, some of the usability studies included in our analysis were conducted more than 
fi ve years ago and have not been followed up by a clinical trial. A reason for this omission 
may be that e-health projects oft en entail up-front expenditures of energy and capital for 
the design and development of the technological tool, and therefore these projects run the 
risk of expiring before clinical eff ecti veness and cost-eff ecti veness have been investi gated. 
Moreover, conducti ng RCTs may be parti cularly challenging in the e-mental health area. Not 
only are RCTs expensive, but the length of clinical trials may be disproporti onate to the rapid 
developments in the available technology.
Future projects should incorporate clinical and cost-eff ecti veness analysis in a way that 
accounts for the dynamic nature of e–mental health interventi ons. The fi eld may benefi t 
from stepped-wedge research designs or designs that focus on multi ple assessments on an 
individual level. Furthermore, we may need to disti nguish between technological interventi ons 
that simply computerize existi ng nondigital methods and innovati ve interventi ons. Digital 
translati ons of evidence-based nondigital methods are not groundbreaking, but they could 
be eff ecti ve in reducing health care costs in the short term. Innovati ve interventi ons may 
maximally exploit the opportuniti es of e-technology, but they may be less likely to reduce 
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orientati on of self-management interventi ons
Service user involvement in e-mental health interventi ons for self-management appears to 
be not as self-evident as one might expect. User-centered development is as yet not common 
practi ce in this populati on, and in some interventi ons the clinical perspecti ve predominates. 
As a result, e-mental health interventi ons for self-management do not always contribute to 
service user empowerment. This is a missed opportunity that developers need to account for.
Future technology will provide means of facilitati ng more intensive and more accurate 
monitoring of health and health-related behavior. The development of smart and consumer-
priced technological devices enables the move toward an era of personalized medicine and 
the “quanti fi ed self.” Yet, this move can be for bett er or worse. Schermer (62) has sketched 
two possible scenarios: either e-mental health technology will reproduce an outdated 
paternalisti c paradigm of pati ent-clinician interacti on in which compliance and monitoring 
are the aim (Big Brother scenario), or it will create a new situati on that centers on shared 
decision making and self-management that adds to the autonomy of service users. One 
way to increase chances for the latt er scenario is to involve service users in conceptual and 
developmental stages of e-mental health interventi ons.
Studies summarized in the tables but not discussed are included as references 63-74 in the 
list of References.
limitati ons
Our review has a number of limitati ons. The main limitati on is the heterogeneity of results, 
given the broad defi niti on of self-management. First, there was heterogeneity in control 
groups. Most individuals in the control groups received care as usual - oft en a nontechnological 
interventi on - but a detailed descripti on of the control conditi on was lacking in most cases. 
Furthermore, there was heterogeneity of study quality, and a comprehensive meta-analysis 
that included all studies was not possible because of heterogeneity of interventi ons and 
outcome variables.
Another limitati on is that we were not able to systemati cally assess the quality of the 
acceptability and feasibility studies. A suitable assessment instrument that was suffi  ciently 
fl exible and specifi c to account for the variety in these studies was not available.
Finally, we note that a publicati on bias is likely to exist in this area of research. Apart from 
the fact that positi ve results are more likely to be published than negati ve results, we suspect 
that many e-mental health interventi ons have not been scienti fi cally investi gated. The reason 
for this is that e-mental health approaches are considered not always to be innovati ve but 
simply to be easier, more effi  cient versions of regular approaches that either have already 
been proven to be evidence based, rendering new research redundant, or are assumed to be 
eff ecti ve (comparable with the implementati on of consultati on by telephone).
ConClusion
This review shows that research into the usability and eff ecti veness of informati on and 
communicati on technology in self-management interventi ons for people with psychoti c 
disorders has rapidly increased in the past fi ve years. Our fi ndings indicate that e-health 
interventi ons are at least equally eff ecti ve as standard, nontechnology-based care. The 
greatest potenti al gain of e-health self-management interventi ons may be to reduce health 
care costs for service providers as well as service users. To fi nd out whether this assumpti on 
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ABsTRACT 
We examined agreement between the CANSAS self-report version (CANSAS-P) and the 
Camberwell Assessment of Need (CAN) interview in 200 long-term pati ents with aff ecti ve 
and psychoti c disorders. Intra-class correlati ons were fair to good for unmet needs. 
Overall, more unmet needs were reported on the CANSAS-P than in the CAN interview. No 
diff erences were found for pati ents with psychoti c versus aff ecti ve disorders. We conclude 
from this that the CANSAS-P is a promising screening instrument to detect unmet needs in 
people with severe mental illnesses.
inTRoduCTion
Since its introducti on in the 1990s, the original Camberwell Assessment of Need (CAN) (1) 
has been supplemented with a shortened version (CANSAS;(2)) and versions adapted for 
specifi c groups of pati ents (e.g. (3-5). Recently, the CAN family has also been extended with 
a self-report version: CANSAS-P (6,7). This instrument could be a promising screening tool 
for Routi ne Outcome Measurement (ROM) in people with severe mental illnesses (SMI), 
as the self-report format is more (cost) effi  cient and avoids biases due to pati ent-examiner 
interacti on (8). To our knowledge, only one study has investi gated psychometric properti es of 
the CANSAS-P (7). This study found reasonable to good test-retest reliability, and equivalent 
numbers of unmet needs for the CANSAS and the CANSAS-P in an Australian sample (7). 
In this paper, we present the results of a study in a larger, Dutch community insti tuti on 
sample in which we compare the agreement between the pati ent-rated CANSAS-P scores 
with pati ent reported but interviewer-rated CAN scores. We disti nguish between psychoti c 
and aff ecti ve disorders, as obstacles have been recognized in completi on of self-report 
measures in pati ents with psychoti c disorders (9). Moreover, it has been argued that there 
is a possible tendency for them to under-report care needs in self-report instruments (10). 
meTHod
study subjects
Pati ents were recruited from three mental health care insti tuti ons in the Netherlands in 
August 2008. Data was collected from November 2008 to July 2009. The sample populati on 
consisted of pati ents that had been treated for more than two years for a psychoti c or an 
aff ecti ve disorder, and were aged between 19 and 64 years. Of the 2636 eligible pati ents, 
a random sample of 665 pati ents was drawn. Of these pati ents, 227 (34%) consented to 
parti cipate, and 200 completed the study. Their mean age was 47 years (SD = 10). Eighty 
one pati ents were male (41%), 32% (n = 63) were diagnosed with a psychoti c disorder and 
68% (n = 137) with an aff ecti ve disorder. The study was approved by the medical ethics 
committ ee of the Leiden University Medical Center. Aft er full descripti on of the study to the 
parti cipants, informed consent was obtained. 
measurements
Pati ents completed the CANSAS-P prior to the CAN interview. The reliability of the original, 
English version of the CAN has proven to be acceptable (1,11). The CAN interview was 
administered by trained interviewers. The CANSAS-P (7) is a pati ent-rated, self-report version 
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(no need, met need, unmet need). However, added is the response opti on “I don’t want 
to answer” (7) Test-retest reliability of the CANSAS-P was found to be reasonably good (7). 
stati sti cal analysis
Outcome measures used were: met needs, unmet needs, no needs and unrated items. 
To measure the agreement between CAN and CANSAS-P we used Cohen’s Kappa (12) 
and intraclass correlati on (ICC; two-way mixed; absolute agreement, single measure (13)). 
Kappas compare agreement on each domain of need (accommodati on, looking aft er the 
home, etc.), while ICCs compare agreement on the number in each need category (i.e. 
no need, met need, etc.). Kappas (unweighted) were interpreted according to the Landis 
and Koch classifi cati on, where agreement eff ects are classifi ed as poor (ĸ = < 0.00), slight 
(ĸ = 0.00-0.20), fair (ĸ = 0.21-0.40), moderate (ĸ = 0.41-0.60), substanti al (ĸ = 0.61-0.80), 
and almost perfect (ĸ = 0.81-1.00) (14). ICCs were calculated and interpreted according to 
Cicchetti   (ICC > 0.74 is excellent, ICC between 0.60 and 0.74 are good, ICC between 0.40 and 
0.59 are fair and ICC < 0.40 is poor) (15). ICC diff erences between pati ents with aff ecti ve 
and psychoti c disorders were examined using power esti mati on: based on the sample size 
combined with the ICCs calculated in the stati sti cal analysis and a predetermined alpha, 
a power level can be esti mated and compared to a predetermined power level. We used 
a power of 0.80 and alpha of 0.05, 2-tailed as the criterion. All stati sti cal analyses were 
performed using SPSS soft ware for Windows 16.0 (SPSS Inc., Chicago, IL, USA).
ResulTs
We found moderate agreement between CAN and CANSAS-P scores for the domains 
accommodati on, looking aft er the home, dayti me acti viti es, psychoti c symptoms, 
psychological distress, safety to self, alcohol, drugs, inti mate relati onships, sexual expression, 
basic educati on, telephone, transport, money and benefi ts (ĸ ranging from 0.41 to 0.56). 
Fair agreement was found for the following 6 domains: food, self care, physical health, 
informati on, company and childcare (ĸ ranging from 0.25 to 0.37). The remaining domain, 
safety to others, had slight agreement (ĸ = 0.20).
The ICCs (see Table 1) showed fair to good agreement on unmet needs and no needs, 
but poor to fair on met needs, and poor on unrated items. Furthermore, we found a slight 
tendency towards lower ICCs for pati ents with psychoti c disorders than for pati ents with 
aff ecti ve disorders. These diff erences were not signifi cant (power < 0.50 in all cases). In 
additi on, there was no signifi cant diff erence in number of unmet needs between pati ents 
with psychoti c and pati ents with aff ecti ve disorders for the CAN (M = 1.59 versus M = 1.65; 
p = 0.79) as well as CANSAS-P (M = 2.37 versus M = 2.24; p = 0.72) 
Table 1. Intra-class correlati ons between CAN and CANSAS-P, paired t-tests and power esti mati on of 
ICC diff erences between psychoti c versus aff ecti ve disorders
no need met need unmet need unrated 
CAN M(SD) 17.41 (3.37) 2.83 (2.26) 1.63 (2.12) 0.14 (0.41)
CANSAS-P M(SD) 16.66 (3.95) 2.23 (2.24) 2.28 (3.12) 0.65 (1.32)
t (df; p) 3.81 (199; 0.000) 3.40 (199; 0.001) -4.20 (199; 0.000) -5.55 (199; 0.000)
Whole sample (n = 200): ICC 0.70 0.39 0.64 0.10
Psychoti c (n = 63): ICC 0.59 0.26 0.52 0.11
Aff ecti ve (n =137): ICC 0.74 0.42 0.70 0.10
Power esti mati on psychoti c 
versus aff ecti ve ICC
0.42 0.22 0.47 0.5
More unmet needs and fewer met needs were reported on the CANSAS-P than in the CAN 
interview (t = -4.20, df = 199, p < 0.000). Table 1 also shows more unrated items reported 
on the CANSAS-P.
On the CANSAS-P, 33.5% of the pati ents scored one or more domains as unrated (“I don’t 
want to answer”), compared to 11% who scored unrated (“unknown”) on the CAN. Most 
unrated items on the CANSAS-P were rated as “no need” on the CAN. Nevertheless, 13.9% 
and 9.2% were rated on the CAN as unmet need and met need respecti vely.
disCussion
We found a sati sfactory agreement between the CAN and CANSAS-P on two-thirds of 
the need domains, and lower agreement on one third. We found an overall acceptable 
agreement of CAN and CANSAS-P on need categories no needs and unmet needs, and lower 
agreement on met needs. 
Our fi ndings replicated Trauer et al.’s fi ndings (2008) in that they found a good agreement 
of CANSAS and CANSAS-P on no needs and unmet needs and lower agreement on met 
needs. Lower agreement levels for met needs were also found by Trauer at al. (2008) in test-
retest results of the CANSAS-P. A possible explanati on for this fi nding is a slight diff erence in 
the response category: in the CANSAS-P the response category for a met need is ‘I receive 
suffi  cient care’, while in the CAN interview it is ‘no problem/limited problem because of 
ongoing interventi on’. 
Second, similar to Trauer et al. (7), we found a considerable number of unrated domains 
on the CANSAS-P. Comparison of the unrated items on the CANSAS-P with the responses on 
the CAN on the same domains showed that most of the unrated items were scored as “no 
need” on the CAN. This seems to indicate that domains appearing to be unproblemati c on 
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the response ‘I don’t want to answer’ over ‘no problem’ is that pati ents do experience 
problems, but they fi nd it diffi  cult to talk about. Therefore, the CANSAS-P seems to be able 
to detect problems the CAN might tend to overlook. Furthermore, consistent to Trauer et al. 
(2008) most unrated scores were found on the domains “sexual expression” and “inti mat e 
relati onships”. This was irrespecti ve of sex, as an additi onal analysis showed. Pati ents seem 
to consider these issues as too private to answer. The fact that 23 pati ents did rate these 
domains on the CAN, but not on the CANSAS-P, indicates that a self-report format provides 
pati ents more room to keep answers to themselves. Providing a more explicit opportunity 
for pati ents not to disclose informati on about sexuality and inti macy seems to make sense, 
considering the fact that unmet needs in these areas are oft en hard to meet by health care 
services. 
Between people with psychoti c versus people with aff ecti ve disorders, there were no 
stati sti cal diff erences on the agreement between CAN and CANSAS-P on need category. 
Again, this outcome was irrespecti ve of sex, as an additi onal analysis showed. Nevertheless, 
the fi nding that the agreement was fair to poor for the psychosis group, while good to fair 
for the aff ecti ve group, might sti ll be of clinical relevance. 
Remarkably, in the present study, the CANSAS-P detected signifi cantly more unmet 
needs than the CAN. Although the diff erence was small (0.65), it may be clinically relevant 
considering that the mean number was rather small as well (around two). Furthermore, it 
means that the pati ents in this study do not underreport care needs. Together this might 
indicate that the self-report format, not aff ected by pati ent-examiner interacti on, allows 
pati ents to express themselves more freely. This could mean that an interviewer eff ect is at 
issue here, which might shed a new light on the reliability of the CAN interview. 
Taking this together, we conclude that the CANSAS-P is a promising instrument for 
screening care needs, for pati ents with psychoti c disorders, as well as aff ecti ve disorders. 
Compared to the CAN, the CANSAS-P seems to be more user friendly and more sensiti ve in 
detecti ng problems in care needs. As such, this instrument is a valuable contributi on to the 
fi eld of routi ne outcome measurement, where clinical observati on currently is the dominant 
research method. Future research should focus more on the specifi c functi on and eff ect of 
self-report measures in ROM research. 
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Routi ne outcome monitoring (ROM) in mental health care has become mandatory 
throughout the Netherlands, much like other countries, such as Australia. The main aim of 
ROM is to evaluate and improve treatment processes. However, treatment improvement 
is slowed by a serious gap in ROM, namely a lack of shared decision making, especially for 
service users with a severe mental illness, including psychoti c disorders. Treatment of this 
populati on of service users is oft en in a one-way directi on, with clinicians deciding which 
treatment is best for their clients. 
This report describes an innovati ve initi ati ve in the Netherlands to support shared 
decision making in ROM for service users with psychoti c disorders. This initi ati ve is part of a 
broader e-mental health project, called WEGWEIS, which focuses on the development and 
evaluati on of online tools to support self-management for people with psychoti c disorders 
(development.wegweis.nl). 
For a few years now, the mental health care organizati ons and the University Medical 
Center in the northern part of the Netherlands have joined forces in the ROM evaluati on of 
service users with psychoti c disorders. By means of a centralized Web-based ROM system, 
an evaluati on is conducted for each service user at least annually. It consists of a physical 
examinati on (measuring weight, girth, height, and glucose levels) and multi ple interviews 
and questi onnaires, including the Health of the Nati on Outcome Scale, Manchester Short 
Assessment of Quality of Life, Camberwell Assessment of Need, the Positi ve and Negati ve 
Syndrome Scale, and a client sati sfacti on scale. Test parameters are uploaded by clinicians 
and research nurses into a central database through a link in the electronic pati ent fi le. An 
intelligent database management program presents the ROM results, summarizing all test 
outcomes in a lett er addressed to both mental health clinicians and general practi ti oners. 
This lett er, which can be accessed only via the secure environment of the electronic pati ent 
fi le, encourages clinicians to evaluate the treatment process together with their clients and, 
if necessary, to revise the treatment plan. The connecti on between the database server and 
the electronic pati ent fi le is secured by means of data encrypti on. 
To increase the involvement of service users in their ROM evaluati on, we developed a ROM 
portal for service users as part of a 2009 collaborati ve project. We held periodic meeti ngs 
with a focus group of service users to investi gate their needs and preferences; together, we 
sketched a design of a prototype portal, which was executed by computer scienti sts. The 
ROM portal has the form of a Web site, which can be accessed by entering a user name and 
password. Aft er logging in, service users can access their ROM results, including their scores 
on several questi onnaires and interviews and data from their physical examinati on. These 
results are accompanied by a short explanati on of the parameters. For instance, a service 
user with high scores on the PANSS is told, “The results suggest that you are bothered by 
psychoti c symptoms, meaning. . . .” Or someone with several low-scored items on the client 
sati sfacti on scale is told, “The results suggest that you are not completely sati sfi ed with 
the care you receive.” Service users can access personalized advice linked to their results. 
For instance, when the results indicate that a service user is not sati sfi ed with the care and 
treatment received, the system generates the questi on, “Are you not sati sfi ed with the care 
you receive?” By clicking on this questi on, service users are advised to make appointments 
with their psychiatrists or case managers, and they receive informati on about the local 
client board and the help desk of pati ent counselors. Furthermore, the questi on “What care 
are you enti tled to receive?” links to informati on derived from the Dutch multi disciplinary 
guideline, which describes service users’ rights to good care. Finally, clicking on “What 
services does your health care organizati on off er?” gives an overview and descripti on of 
the health care services off ered by that service user’s health care organizati on. The advice 
is made as concrete as possible by inserti ng personalized informati on into the text. For a 
service user in care at the University Medical Center, for example, the questi on about health 
care services reads “What services does the University Medical Center off er?” instead of the 
more general phrase “your health care organizati on.” 
We tested the ROM portal with our focus group, and the service users were enthusiasti c. 
We are now working together to increase their involvement by adding forums for service 
users to describe their experiences with specifi c treatment interventi ons and by soliciti ng 
users’ comments about their mental health services and the advice generated by the ROM 
portal.
Chapter 5
usABiliTy eVAluATion of A weB-BAsed suPPoRT 
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ABsTRACT
Background: Routi ne Outcome Monitoring (ROM) is a systemati c way of assessing service 
users’ health conditi ons for the purpose of bett er aiding their care. ROM consists of various 
measures used to assess a service user’s physical, psychological, and social conditi on. 
While ROM is becoming increasingly important in the mental health care sector, one of its 
weaknesses is that ROM is not always suffi  ciently service user-oriented. First, clinicians tend 
to concentrate on those ROM results that provide informati on about clinical symptoms and 
functi oning, whereas it has been suggested that a service user-oriented approach needs to 
focus on personal recovery. Second, service users have limited access to ROM results and 
they are oft en not equipped to interpret them. These problems need to be addressed, as 
access to resources and the opportunity to share decision making has been indicated as a 
prerequisite for service users to become a more equal partner in communicati on with their 
clinicians. Furthermore, shared decision making has been shown to improve the therapeuti c 
alliance and to lead to bett er care.
objecti ve: Our aim is to build a web-based support system which makes ROM results more 
accessible to service users and to provide them with more concrete and personalized 
informati on about their functi oning (ie, symptoms, housing, social contacts) that they can 
use to discuss treatment opti ons with their clinician. In this study, we will report on the 
usability of the web-based support system for service users with schizophrenia.
methods: First, we developed a prototype of a web-based support system in a 
multi disciplinary project team, including end-users. We then conducted a usability study of 
the support system consisti ng of (1) a heuristi c evaluati on, (2) a qualitati ve evaluati on and 
(3) a quanti tati ve evaluati on.
Results: Fift een service users with a schizophrenia diagnosis and four informati on and 
communicati on technology (ICT) experts parti cipated in the study. The results show 
that people with a schizophrenia diagnosis were able to use the support system easily. 
Furthermore, the content of the advice generated by the support system was considered 
meaningful and supporti ve.
Conclusions: This study shows that the support system prototype has valuable potenti al 
to improve the ROM practi ce and it is worthwhile to further develop it into a more mature 
system. Furthermore, the results add to prior research into web applicati ons for people with 
psychoti c disorders, in that it shows that this group of end users can work with web-based 
and computer-based systems, despite the cogniti ve problems they experience.
inTRoduCTion
Routi ne Outcome Monitoring (ROM) has become increasingly important in the mental 
health care sector. Although there is no universal defi niti on, ROM can be described as the 
use of standard instruments to systemati cally and conti nuously assess aspects of mental 
health service users’ health for the purpose of bett er aiding their care (1). The format of 
ROM varies between countries, but it usually consists of several quanti tati ve measures used 
to assess a service user’s physical, psychological, and social conditi on. ROM is carried out 
for service users with a single diagnosis and short-term problems, as well as people with a 
severe mental illness. This latt er group includes service users diagnosed with schizophrenia. 
Schizophrenia is a mental disorder characterized by cogniti ve dysfuncti ons and 
abnormaliti es in percepti on of reality. People diagnosed with schizophrenia oft en 
experience hallucinati ons, delusions, and disorganized speech and thinking, accompanied 
by signifi cant social and occupati onal problems (2). Due to the complexity of this disorder 
and the diversity of care needed for service users diagnosed with schizophrenia, proper and 
frequent evaluati on of treatment is parti cularly vital. That is why ROM off ers much potenti al 
for bett er care of these people (3).
However, the eff ects of ROM on mental health care have been mixed. On the one hand, 
research shows that the use of outcome measures, combined with adequate feedback, 
helps clinicians to recognize and anti cipate problems in individual treatment processes and 
to provide bett er care as a result (4-6). On the other hand, ROM is not always used in a way 
that empowers service users and improves shared decision making between service user 
and clinician (7,8). One problem is that clinicians tend to concentrate on those ROM results 
that provide informati on about clinical symptoms and functi oning. However, service user-
oriented approaches promote a focus on personal recovery, which refl ects the importance 
of fi nding meaning and giving value to personal experiences (7). A second problem is 
that service users have limited access to ROM results and they are oft en not equipped to 
interpret them (8,9). These problems need to be addressed, as research has shown that 
access to resources and the opportunity to share decision making has been indicated as a 
prerequisite for service users to become a more equal partner in communicati on with their 
clinicians (10,11). Furthermore, shared decision making has been shown to improve the 
therapeuti c alliance, and to lead to bett er care and treatment (12,13). 
Since 2007, ROM assessments have been a regular element in care for people with 
psychoti c disorders in the northern provinces of the Netherlands. The ROM protocol 
(called PHAMOUS), which is specifi cally developed for psychoti c disorders, consists of a 
physical investi gati on (eg, weight, height, waist measurement, and glucose levels), multi ple 
interviews and questi onnaires concerning psychiatric and psychosocial issues, and service 
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health care organizati on involved take part in ROM assessment at least once a year. Aft er 
completi on of the assessment, the parameters of the ROM assessment are uploaded into 
a central database by clinicians and research nurses via a link in the pati ent’s electronic 
fi le. Currently, the ROM-results are only reported to clinicians. Clinicians are supposed to 
discuss the results with their pati ents so that they can mutually decide whether the course 
of treatment needs readjustment (15). However, a large percentage of service users do 
not receive adequate feedback concerning their ROM-results, as clinicians are not yet 
accustomed to discussing ROM results with service users (16). 
In an att empt to improve ROM practi ce and to increase potenti al for service user 
empowerment, we developed a prototype of a web-based support system that provides 
service users diagnosed with schizophrenia with personalised advice, based on their ROM 
results. By means of this support system, the current problems with ROM practi ce may be 
partly tackled. The personalized advice provides users with accessible informati on about 
their ROM results, which may enable them to parti cipate in shared decision making, and 
pave the way to bett er care. Prior research has shown that people with psychoti c disorders 
can work with web-based and computer-based systems, despite the severity of their 
symptoms (eg, (17-21)). Findings are, however, inconsistent as to the amount of support 
service users need in working with computers (eg, (18)versus (21)). 
In the present study, we extended the existi ng research by investi gati ng the usability 
of a web-based support system for ROM. We examined whether our support system can 
make ROM results more accessible to service users and provide them with more concrete 
informati on that they can use to discuss their personal goals with their clinician. The aim 
of this paper is to provide a brief overview of the web-based system and to report on its 
usability from the perspecti ve of service users with schizophrenia.
meTHods
Content and technology of the web-based support system prototype
The prototype of the web-based support system is called WEGWEIS, which is a Dutch 
abbreviati on that stands for web environment for empowerment and individual advice. The 
WEGWEIS support system off ers users advice about various topics related to psychiatric 
treatment, rehabilitati on, and personal recovery. This advice is based on the service user’s 
ROM assessment results, as conducted in the northern provinces of the Netherlands. The 
support system is a website, which can be accessed by entering a username and a password 
(see the online Multi media Appendix 1). The system is to be used by service users at home 
or in a clinical setti  ng (eg, a community hospital). 
When building the prototype, we focussed on two important and widely used ROM 
measures, namely the clinician-rated Health of the Nati on Outcome Scale (22), which 
measures health and social functi oning, and the service user-rated Manchester Short 
Assessment of Quality of Life (23,24), which measures quality of life. Based on item scores of 
these measures and using innovati ve algorithms combined with ontological reasoning, the 
system identi fi es specifi c health care problems for each individual service user and provides 
relevant and tailored advice (25). The algorithms are innovati ve because they break with 
conventi onal case-based reasoning approaches in that they decouple symptoms from 
outcomes, allowing the outcomes to be dynamic (25). The content of the advice consists 
of informati on derived from evidence-based research (eg, the Dutch Multi disciplinary 
Guideline for Schizophrenia), clinical experti se, and service user experiences. 
When, for example, the ROM results indicate that a service user is experiencing physical 
problems, the system off ers advice indicati ng that physical problems can be a side eff ect of 
medicati on, referring to the Dutch Multi disciplinary guideline for schizophrenia. Furthermore, 
the advice suggests that side eff ects may be resolved by adjustment of the medicati on. 
Service users are also referred to their psychiatrist – by name – for more informati on (see 
the online Multi media Appendix 2). When service users appear to experience problems 
with personal safety, they are provided informati on about and linked to the local pati ent 
counsellor. They also have the opportunity to read about experiences of other service users 
(see the online Multi media Appendix 3). In another example, service users who are troubled 
by hearing voices are provided a video showing someone suff ering from the same conditi on 
and off ering informati on about treatment opti ons (see the online Multi media Appendix 4). 
More informati on about the advice can be found elsewhere (26). The algorithm for advice 
selecti on, as well as a brief overview of system design and architecture are presented 
elsewhere (25).
The prototype is created with open source soft ware, using the Ruby on Rails Web-
framework (htt p://rubyonrails.org/). The website uses secure connecti ons for all traffi  c. 
Service users can access their ROM results by logging in with a username and password, 
which are sent to them by email. Failed log-in att empts are logged by the system. ROM-
results can only be accessed via pati ent accounts.
development of the prototype
The prototype of the web-based support system was developed by a multi disciplinary team 
of computer, social, and medical scienti sts in close collaborati on with a group of service 
users with a schizophrenia spectrum disorder. The content and functi onality of the fi rst 
prototype was based on a needs assessment (unpublished material) conducted in 2009, 
consisti ng of semi-structured interviews with service users, relati ves of service users, nurses, 
psychologists, psychiatrists, and people involved in e-mental health services for people with 
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We put parti cular focus on the design of the support system’s user interface, as it has been 
suggested that people with schizophrenia have special needs with regard to web design (27). 
This is supported by the theory that the quality of a user interface is partly determined by the 
extent to which users are able to create a so-called mental model of the website. A mental 
model can be described as a representati on of a person’s thought processes regarding the 
functi onality and structure of the website, and the fl ow of informati on therein. Therefore, it 
is important for designers to match as closely as possible the user interface with this mental 
model (28). Finding a good match can be parti cularly challenging. This is especially the case 
when dealing with people with schizophrenia, who experience cogniti ve problems such as 
concentrati on, memory and informati on processing diffi  culti es (27). As a result, their mental 
models may diff er from those of other users. 
A few studies have investi gated the challenges in web design for people with a schizophrenia 
diagnosis. Results from these studies suggest that users with schizophrenia experience 
diffi  culti es with sti mulus overfl ow, large amounts of text or informati on, interpretati on of 
two-word labels, and remembering previous steps in the navigati on process (17,18,27,29). 
Furthermore, some of them experience paranoia when using computers and Internet (29). 
In conjuncti on with the general guidelines as described in User Interfaces for all (a 
handbook for user interface design) (30) and taking into account the fi ndings from prior 
research, we set out some specifi c rules for the design of the support system’s interface. 
The most important of these specifi c rules were the following: no use of unexpected pop-
ups, transparency of procedures (ie, clear informati on about what happens when users click 
a butt on, what purposes their personal informati on is used for and who it is available to, 
etc), use of concrete descripti ons (including using the name of a service user’s psychiatrist, 
instead of the general designati on ‘your psychiatrist’), limited amount of text on one screen 
with an opti on to increase/decrease the amount of informati on, use of video material in 
additi on to text, limited number of bright colours and avoiding jargon or diffi  cult terms.
Parti cipants
Service users were recruited from four mental health care organizati ons in the Netherlands 
through snowball sampling. Snowball sampling involves asking a key informant or study 
parti cipant whether they can suggest a person who fi ts the study criteria and asking 
them to introduce this person to the researcher (31,32). In our case, study parti cipants 
were recruited by 5 clinicians and fellow study parti cipants. The study was conducted in 
March and April 2011. The inclusion criteria were (1) having a diagnosis of schizophrenia 
or a related psychoti c disorder (eg, schizo-aff ecti ve disorder, schizophreniform disorder, 
schizotypal disorder), (2) being between 18 and 65 years old and (3) being fl uent in Dutch. 
There were no exclusion criteria. 
Sixteen service users were asked to parti cipate and a total of 15 service users, 10 male and 5 
female, agreed to parti cipate in the study. The age of the parti cipati ng service users ranged 
from 23 to 61 years, with a mean age of 42. The durati on of illness for 13 of these service 
users was known and ranged from 3 to 25 years, with a mean durati on of 13 years. All service 
users received care in an outpati ent setti  ng except for one, who was committ ed in a forensic 
setti  ng. In order to provide parti cipants with some ti me to consider their parti cipati on, they 
were informed about the purpose and content of the testi ng by either a clinician or one 
of the experimenters (LvdK) at least a week prior to testi ng. Directly before the usability 
testi ng was to start, writt en informed consent was obtained. Aft er completi ng the study, 
parti cipants received a gift  voucher of 15 euros.
Four Informati on and Communicati on Technology ICT experts parti cipated in the study. 
They fulfi lled the role of evaluator in a heuristi c evaluati on process, as described below. 
All ICT experts were experienced in developing ICT applicati ons for mental health care 
organisati ons.
usability Testi ng
Usability can be defi ned as the ease with which users can use a parti cular tool or object to 
achieve a specifi c goal. One of the leading experts on usability, Jakob Nielsen, disti nguishes 
fi ve main quality components of usability (33): (1) learnability: how easy is it for users to 
accomplish basic tasks the fi rst ti me they encounter the design; (2) eﬃ  ciency: once users 
have learned the design, how quickly can they perform tasks; (3) memorability: when 
users return to the design aft er a period of not using it, how easily can they re-establish 
profi ciency; (4) errors: how many errors do users make, how severe are these errors, and 
how easily can they recover from the errors; and (5) sati sfacti on: how pleasant is it to use 
the design.
Usability can be assessed by usability testi ng. There are three testi ng categories: heuristi c 
evaluati on, qualitati ve evaluati on, and quanti tati ve evaluati on. These categories will be 
described in the following secti ons.
Heuristi c Evaluati on
We started the usability testi ng by conducti ng a heuristi c evaluati on. This is a research 
method for detecti ng usability problems with the interface early in the testi ng process 
(33). Heuristi c evaluati on is conducted by evaluators and takes place prior to the testi ng by 
end-users (in our case service users). Problems detected by the evaluators are dealt with 
immediately so they do not infl uence the rest of the testi ng process.
Heuristi c evaluati on is usually conducted by more than one evaluator because it is diffi  cult 
for one person to detect all usability problems. We appointed four ICT experts to fulfi l the 
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of heuristi c evaluati on used in this study is based on Nielsen’s recommendati ons (35). The 
evaluators were given a brief introducti on to the background and rati onale of the web 
applicati on under review, then given instructi ons on how to conduct the heuristi c evaluati on. 
One of the most important instructi ons was that they were not allowed to communicate 
with each other during the testi ng process. Then, the evaluators sat at the computer and 
went through the user interface according to a scenario writt en by the experimenters. The 
scenario included using log-in procedures, username and password retrieval processes, font 
size modifi cati on, completi ng questi ons, going through advice units, printi ng informati on, 
searching for advice by means of key words, and providing feedback about the website. 
The evaluators inspected the interface independently, assessing the various elements 
based on a list of ten recognized usability principles (“heuristi cs”) (35) translated into a 
series of questi ons (see Table 1). Their fi ndings were put in a template developed by the 
experimenters. 
The data in the four completed templates was assembled in one document and its content 
was analysed, meaning that the data was categorized according to Nielsen’s usability topics 
(35) (see also Table 1). 
Table 1. Assessment criteria for heuristi c evaluati on
usability principle Questi on 
1. Visibility of system status Are there any incidents where the website is 
unresponsive or slow?
2. Match between system and the real world Are there any words/sentences used on the 
website that do not match the language used by 
the intended group of users?
3. User control and freedom Are there any instances where important 
changes made by users cannot be easily 
undone?
4. Consistency and standards Are there any inconsistencies concerning 
language use or functi onality?
5. Error preventi on Are there any instances where users can easily 
make mistakes? Before executi ng an acti on, are 
users asked for confi rmati on where needed?
6. Recogniti on rather than recall Are there any pages where the content or 
structure is unclear or insuffi  ciently explained?
7. Flexibility and effi  ciency of use Are there any frequently used functi onaliti es on 
the website that are not accessible fast enough?
8. Aestheti c and minimalist design Are there any instances in which the website 
off ers too much informati on, whereby the user 
can lose track of the situati on?
9. Help users recognize, diagnose, and recover 
   from errors
Are there any error alerts which are not clear 
to users, which do not identi fy the problem 
correctly or do not provide a soluti on?
10. Help and documentati on Is there enough help or documentati on 
available? 
Finally, a list of usability violati ons was created and sorted according to frequency and 
priority. A debriefi ng meeti ng was organized with evaluators and the experimenters, during 
which the results of the heuristi c evaluati on were discussed during a brainstorm session. 
Decisions were made as to which usability issues were considered most urgent and how 
these issues could best be solved.
Qualitati ve Evaluati on
Aft er completi on of the heuristi c evaluati on, we conducted a qualitati ve evaluati on. In this 
process, end-users fulfi lled the role of the evaluator. The parti cipants were invited to sit at 
a computer. We then asked them to use the web applicati on following a scenario writt en 
by the experimenters (the same scenario as used in the heuristi c evaluati on). Users were 
encouraged to work through the scenario step by step, starti ng with the log-in procedures. 
We decided not to ask parti cipants to think aloud, as we suspected that this might aff ect 
their way of working substanti ally. 
Two-thirds of the end-user parti cipants carried out the testi ng at our research centre. 
During the testi ng, one of the experimenters observed the users’ acti ons via a beamer 
projecti on on a screen, while making notes (see the online Multi media Appendix 5). One-
third of the users conducted the testi ng at home on their own computer and were joined by 
an experimenter who observed from a distance. When users fi nished the testi ng, they were 
asked to verbally describe their fi rst impression of the support system.
As the main aim of this part of the testi ng was to fi nd out how users interact with the 
web system, the research method used in this qualitati ve evaluati on was (non-parti cipant) 
observati on (36). One experimenter (LvdK) was present during the testi ng session and made 
notes (using paper and pencil) which indicated how parti cipants worked their way through 
the scenario. The sessions were not audiotaped, as observati on was the main evaluati on 
method and we assumed that parti cipants might not feel at ease with audiotaping. The 
verbal informati on provided by service users was analysed by identi fying positi ve and 
negati ve feedback items.
Quanti tati ve Evaluati on
Aft er the qualitati ve evaluati on was completed, a quanti tati ve evaluati on was conducted. 
End-user parti cipants were asked to fi ll out a short questi onnaire, consisti ng of 5 questi ons 
measured on a 5-point Likert scale. They were asked about their computer and Internet 
use. This questi onnaire was derived from another European study testi ng a web applicati on 
developed for a comparable group of end-users (18). Furthermore, parti cipants completed 
a Sati sfacti on Questi onnaire, measuring their sati sfacti on with various aspects of the web 
applicati on concerning layout, structure, user-friendliness and content. This questi onnaire 
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from completely disagree (1) to completely agree (7). The Sati sfacti on Questi onnaire was 
specifi cally designed for this study by the research group. Descripti ve analysis (mean, 
standard deviati on) of the quanti tati ve data was conducted with SPSS 16.0 stati sti cal 
soft ware for Windows (SPSS Inc., Chicago, IL, USA). 
ResulTs
The results of the usability tests are a combinati on of the three categories of testi ng 
menti oned above, namely heuristi c evaluati on, qualitati ve evaluati on, and quanti tati ve 
evaluati on. 
Heuristi c evaluati on
All ICT experts evaluati ng the website were able to complete the scenario writt en by the 
experimenters. No major problems were reported with regards to language, undoing 
changes, structure or content of the pages, accessibility of functi onality and clarity of error 
messages (ie, usability principles 2, 3, 4, 6, 7 and 9). However, there were some instances 
in which the website was unresponsive or slow. Furthermore, at ti mes the website seemed 
to off er too much informati on at once, and three situati ons occurred whereby users were 
not clearly directed to the right page. The most obvious problem reported was that the 
Disclaimer page was empty and that there was no existi ng Help secti on or Frequently Asked 
Questi ons secti on. 
During the debriefi ng meeti ng, all problems were discussed and decisions were made on 
how to solve problems most eff ecti vely. All problems were solved prior to the qualitati ve and 
quanti tati ve testi ng with service users, except for the missing Frequently Asked Questi ons 
secti on, which was composed aft er the usability testi ng with service users.  
Qualitati ve evaluati on
All end-user parti cipants were able to complete the scenario, although three of them needed 
some hints in order to conti nue to the next step. For instance, one parti cipant had diffi  culty 
fi nding out how to adjust his personal profi le, and the experimenter had to explain how he 
could access the profi le. Although the parti cipants were not asked to think aloud during the 
evaluati on, most of them did so spontaneously. One of the diffi  culti es expressed was that 
some butt ons were hard to fi nd or that their functi on was not enti rely clear. One example 
is the ‘Feedback’ butt on. This butt on was located at the left  part of the webpage, situated 
verti cally and separately from the Navigati on Bar. Three parti cipants could not immediately 
locate it and two did not know what to use it for. Furthermore, several parti cipants suggested 
that the website could be made more att racti ve by using more colour, more images and 
videos, and more links. However, others indicated they were happy with the layout and 
found the website to be nice and simple. 
With reference to the content of the website, parti cipants expressed that they recognized 
many issues that people suff ering from schizophrenia are faced with and believed that 
the website could be a useful instrument in supporti ng people in their personal recovery 
process. In additi on, while reading the advice, various service users came up with relevant 
informati on that they thought should be added to the advice. A few other parti cipants, 
however, stated that the informati on about illness symptoms and medicati on should be 
more extensive. In additi on, one parti cipant suggested creati ng a possibility for online 
communicati on between clinicians and service users within the system. 
Table 2. Service users’ computer and internet use, skills, and atti  tudes
Questi onnaire response opti on No.
(n=15)
Computer use Almost never 0




Internet Use Almost never 1




Computer Skills Very bad 1
Bad 0
Not bad, not good 5
Good 8
Very good 1
Internet Skills Very bad 1
Bad 0
Not bad, not good 4
Good 9
Very good 1
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Quanti tati ve evaluati on
The parti cipati ng end-users reported to be well experienced in using computers and the 
Internet, to have good computer and Internet skills (see Table 2) and to have a positi ve 
atti  tude towards technology (see Table 2). There was one parti cipant who reported to have 
almost never used the Internet. He appears not to have access to the Internet, due to the 
fact that he was a forensic service user admitt ed into a penitenti ary where Internet use was 
not allowed. 
The mean score of sati sfacti on with the web-based support system prototype was 
73.60 (the maximum being 90) with a standard deviati on of 6.64. Rati ngs of the individual 
statements are presented in Table 3. As this table shows, the most disagreement amongst 
the parti cipants concerned the questi on of whether or not the website was boring. This is in 
line with the results of the qualitati ve analysis, which showed that some parti cipants found 
the website nice and quiet, whereas others suggested that it could be improved by using 
more colour, images, and so on. 
Table 3. Results of Sati sfacti on Questi onnaire
mean (sd) Percentage (%) of service 
users who agreed (score 6) or 
completely agreed (score 7) 
with the statement (no.)
(n=15)
I can easily fi nd my way on the website 5.73 (0.88) 80 (12)
I am sati sfi ed with the language used on the website 6.13 (0.35) 100 (15)
The website is boring 3.13 (1.55) 7 (1)
I am sati sfi ed with the font used on the website 5.87 (0.83) 93 (14)
The colour of the website was appealing 5.33 (1.35) 67 (10)
The website does not contain distracti ng elements 5.8 (1.21) 80 (12)
The advice provides me with meaningful informati on 5.67 (0.72) 80 (12)
The amount of informati on in the advice is too much 2.87 (1.55) 7 (1)
The advice can help me refl ect on what I want 5.73 (1.16) 80 (12)
I can imagine myself discussing the advice with my 
clinician in the future
5.67 (1.11) 80 (12)
I can imagine the advice being helpful to others 6.27 (0.46) 100 (15)
I think I will use the website in the future 5.53 (0.83) 60 (9)
I would recommend the website to others 5.87 (0.64) 86 (13)
disCussion
In this study, we investi gated the usability of the fi rst prototype of a web-based support 
system for people diagnosed with schizophrenia. The heuristi c evaluati on with ICT experts 
revealed some minor problems; the most important ones of which were unresponsive 
or slow processing of informati on, too much informati on displayed at once, an empty 
Disclaimer page and no existi ng Help secti on. The fi rst three problems were solved before 
testi ng with service users. During qualitati ve testi ng, our group of end-users reported 
some diffi  culti es with, among other things, the locati on and functi on of the ‘Feedback’ 
butt on and with understanding how to adjust one’s personal profi le. In additi on, several 
suggesti ons were made to make the interface more att racti ve. These results indicate that 
the end-users involved in this study, varying in age, sex and durati on of illness, were able 
to use the support system easily. Furthermore, the content of the advice generated by the 
support system was judged to be meaningful and supporti ve. We can therefore conclude 
that, overall, the support prototype has valuable potenti al for improving the ROM practi ce 
and that it is worthwhile to develop it further into a more mature system. 
Comparison with existi ng research
Our preliminary results are in line with previous research, which shows that people with 
psychoti c disorders can work with web-based and computer-based systems (17-21), but 
there are some diff erences between our research and that of others that we need to address. 
Whilst designing the interface, we followed some specifi c rules based on existi ng literature 
in the fi eld and for this group of end-users as well as applying general rules of interface 
design. However, we did not comply with all recommendati ons presented in the literature 
as feedback from individual service users during the design process, which took place prior 
to the usability testi ng (not described in this paper), suggested it might not be necessary. 
For instance, we decided to use a bright background colour (yellow) for the web pages, and 
we used arrow heads and drop down menus instead of pop-ups, which was advised against 
by Rotondi et al, (20). However, these deviati ons did not result in any usability violati ons.
This may be explained by the fact that there appears to be a diff erence between basic 
principles for user interface design and concrete applicati ons thereof. Each basic principle 
can be translated into various concrete applicati ons. If the principle is to avoid an abundance 
of informati on, this can be achieved by either limiti ng the amount of text on one page, or 
by ordering the informati on in a surveyable way. Both forms can be eff ecti ve, depending 
on, among other things, users’ individual preferences. Furthermore, as the functi onality 
of Internet browsers develops very quickly and new innovati ons emerge, some earlier 
problems with the user interface may be no longer relevant. For instance, Rotondi et al (20) 
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of modern-day browsers, however, this is hardly an issue anymore, as font sizes can be 
adjusted rather easily. 
Another issue to be addressed is the context for which the support system is developed. As 
menti oned before, our system is intended for independent use by service users at their home 
or on a hospital ward. This is in line with the study by Bickmore et al (21), who developed a 
computer-based medicati on adherence system with relati onal agents for service users with 
schizophrenia, to be used at home and without assistance or interpretati on from clinicians. 
Results of their pilot evaluati on study (N = 16) show that independent use of the computer 
system was acceptable for all but one of the study parti cipants, who were recruited at an 
outpati ent clinic. However, these results seem to contradict with the fi ndings of Kuosmanen 
et al (18), who reported that service users with psychoti c symptoms needed support from 
nurses in using their web system. This diff erence in fi ndings could be explained by symptom 
severity of service users, as the study by Kuosmanen et al (18) was conducted in a locked-
door setti  ng, while the one by Bickmore et al (21) and our study primarily involved service 
users staying at home.
The results of our study add to previous studies in that usability tests suggest that there 
need not be insurmountable barriers in independent use of web-based systems for people 
with psychoti c disorders. However, we need to investi gate the system in a real world setti  ng 
in order to draw broader conclusions. In future research, the most important questi on will be 
not so much whether or not service users with psychoti c symptoms can independently work 
with web systems, but rather, under what conditi ons they can successfully work with them. 
These conditi ons may depend upon the service users’ circumstances, such as receiving care 
in an inpati ent or outpati ent setti  ng, severity of specifi c symptoms (eg, paranoid ideas), and, 
of course, the level of computer experience. In additi on, they might also be related to the 
web-system, such as the content and the complexity of the system’s functi onality.
 
future development of our web-based support system
In future development of our web-based support system, several issues need to be taken 
into account. First, in order to provide end-users with a support system tailored to their 
needs and preferences, a fl exible interface is needed. Some users like a colourful background 
and all kinds of multi media elements, whereas others prefer a more simple interface. This 
calls for an interface which can be customised. Furthermore, in order to keep the content 
of the advice oriented toward the service user and to work in a more Health 2.0/Medicine 
2.0 fashion (36), we need to facilitate users in adding informati on to the advice by creati ng 
opti ons to post comments or upload material. In additi on, possibiliti es should be explored 
for interacti ve communicati on among the service users themselves and between the service 
users and clinicians. 
With regard to the support system’s technology, we aim to develop more sophisti cated 
advice algorithms and enlarge our data set so that the advice off ered to service users can 
be even more personalised. Furthermore, we will explore interoperability and connecti vity 
with personal health records and electronic pati ent fi les, and integrati on with successful 
platf orms currently used in mental health care. 
limitati ons
Our study should be viewed with considerati on of certain limitati ons that we encountered. 
First, our sample of service users was small and we used a method of snowball sampling, 
which is a form of convenience sampling. One disadvantage of convenience sampling is that 
one runs the risk of compiling a non-representati ve study sample. In our case, the study 
sample was quite diverse in age, sex, and durati on of illness, which favours the sample’s 
representati veness.
In contrast, what appears to be less favourable for the sample’s representati veness is the 
fact that the service users recruited for this study might have had a parti cular interest in 
working with computers and websites, which could have aff ected our results. This could be 
the case given that the service users concerned were reported to be quite skilled in using 
the computer and Internet. However, we need to take into account that the Netherlands is 
one of the countries with the highest Internet penetrati on rates. In March 2011, 88.3% of 
the Dutch populati on had Internet access, while the world wide average is only 30.2% (36). 
This suggests that skilful computer and Internet use is not uncommon in the Netherlands. 
Understandably, there will be diff erences between the level of computer and Internet skills 
of the general Dutch populati on and people with mental disorders. However, we believe 
that the representati veness of our sample on this point does not necessarily invalidate our 
conclusions. 
Second, the presence of an experimenter during the testi ng session may have aff ected the 
behaviour of service users conducti ng the testi ng. Although the experimenter encouraged 
parti cipants to menti on both strong and weak features of the web applicati on, they might 
have felt reluctant to be criti cal. 
Third, the support system was not tested in the context of a full ROM assessment, but as a 
somewhat isolated part thereof. Therefore, at the moment, we cannot gain a comprehensive 
view of the system’s functi oning in its full setti  ng. This issue needs to be addressed in 
future research in a clinical evaluati on, followed by an examinati on of its eff ecti veness in a 
randomized controlled trial, in order to determine whether or not the present system can 
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ABsTRACT
The results of routi ne pati ent assessments in psychiatric healthcare in the Northern 
Netherlands are primarily used to support clinicians. We developed Wegweis, a web-based 
advice platf orm, to make this data accessible and understandable for pati ents.
objecti ve: We show that a fully automated explanati on and interpretati on of assessment 
results for schizophrenia pati ents, which prioriti zes the informati on in the same way that a 
clinician would, is possible and is considered helpful and relevant by pati ents. The goal is not 
to replace the clinician but rather to functi on as a second perspecti ve and to enable pati ent 
empowerment through knowledge.
methods: We have developed and implemented an ontology-based approach for selecti ng 
and ranking informati on for schizophrenia pati ents based on their routi ne assessment 
results. Our approach ranks informati on by severity of associated schizophrenia-related 
problems and uses an ontology to decouple problems from advice, which adds robustness 
to the system, because advice can be inferred for problems that have no exact match.
Results: We created a problem ontology, validated by a group of experts, to combine and 
interpret the results of multi ple schizophrenia-specific questi onnaires. We designed and 
implemented a novel ontology-based algorithm for ranking and selecti ng advice, based 
on questi onnaire answers. We designed, implemented, and illustrated Wegweis, a proof 
of concept for our algorithm, and, to the best of our knowledge, the first fully automated 
interpretati on of assessment results for pati ents suff ering from schizophrenia. We evaluated 
the system vis-à-vis the opinions of clinicians and pati ents in two experiments. For the 
task of identi fying important problems based on MANSA questi onnaires (the MANSA is 
a sati sfacti on questi onnaire commonly used in schizophrenia assessments), our system 
corresponds to the opinion of clinicians 94% of the ti me for the first three problems and 
72% of the ti me, overall. Pati ents find two out of the first three advice topics selected by the 
system to be relevant and roughly half of the advice topics overall.
Conclusions: Our findings suggest that an approach that uses problem severiti es to 
identi fy important problems for a pati ent corresponds closely to the way a clinician thinks. 
Furthermore, aft er applying a severity threshold, the majority of advice units selected 
by the system are considered relevant by the pati ents. Our findings pave the way for 
the development of systems that facilitate pati ent-centered care for chronic illnesses by 
automati ng the sharing of assessment results between pati ent and clinician.
introducti on
Schizophrenia is a mental disorder that aff ects approximately 1% of the populati on. The 
illness is characterized by psychoses, which are episodes involving a loss of contact with 
reality. The symptoms of the illness are caused by impaired processing of informati on in the 
brain in combinati on with gene–environment interacti ons (1). 
Current schizophrenia treatment in the Northern Netherlands is centered around Routi ne 
Outcome Monitoring (ROM) to assess schizophrenia pati ents. In recent years, ROM has 
become increasingly important as part of a growing belief in the need for standardizati on in 
order to evaluate and improve pati ent care. A ROM assessment for a pati ent is conducted 
every 6 months or every year. These assessments involve physical fitness tests, as well as a 
number of questi onnaires that assess psychiatric and psychosocial problems, sati sfacti on, 
and care needs. The ROM protocol makes use of several questi onnaires such as the Health 
of the Nati on Outcome Scales (HoNOS) (2) and the Manchester Short Assessment of Quality 
of Life (MANSA) (3). 
The results of a ROM assessment form the basis for a long-term treatment plan that is 
determined in a meeti ng between pati ent and clinician. These meeti ngs take place roughly 
six weeks aft er an assessment. During the meeti ng, a treatment plan is formulated that is 
followed unti l the next assessment. 
There is increasing concern that pati ents are not sufficiently engaged in these meeti ngs, 
because they are not always adequately prepared to have a discussion. Pati ents have no 
direct access to the assessment results prior to the meeti ng and hear these results only 
through their clinician. This scenario creates an inequality, wherein the pati ent is highly 
dependent on the experti se of the clinician and cannot parti cipate fully in medical decision 
making. In recent years, the ethics of such medical paternalism have been called into 
questi on (4). 
To bett er prepare pati ents for meeti ngs with their clinician, tools have recently been 
developed to support shared decision making (5,6), which is considered an ethical 
imperati ve (7). Shared decision making is an approach in which pati ent and clinician are 
equal parti cipants in deciding the treatment plan. Moreover, the approach emphasizes that 
pati ents should have access to the same informati on regarding their (mental) health as the 
clinician (8). Shared decision making is widely in use and has proved clinically successful for 
most chronic illnesses. 
So far, however, sharing healthcare informati on with the pati ent in a direct and 
unsupervised manner, as part of shared decision making, has not been applied in terms 
of schizophrenia pati ents. Moreover, to the best of our knowledge, there has been no 
research on the automated conversion of assessment results into relevant informati on for 
schizophrenia pati ents. There are two main reasons for this. First, clinicians have traditi onally 
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outcomes. Second, tools that facilitate shared decision making for schizophrenia pati ents 
require careful development because schizophrenia pati ents have special needs regarding 
the presentati on of informati on, for example, via a simply structured and calm website using 
text for a low reading age (9), that is, using text without difficult words. 
The main contributi on of this paper is to show that a fully automated explanati on and 
interpretati on of ROM assessment results for schizophrenia pati ents that prioriti zes the 
informati on in the same way that a clinician would is possible and is considered helpful 
and relevant by pati ents. This work forms an important step towards implementi ng shared 
decision making as part of the standardized approach in schizophrenia treatment.
In this paper we will present, evaluate, and explain our web applicati on called Wegweis, 
which can perform an automated explanati on and interpretati on of ROM assessment 
results. Wegweis was designed in iterati ons using feedback from pati ents and in cooperati on 
with clinicians from all four mental health insti tuti ons in the Northern Netherlands (GGZ 
Drenthe, GGZ Friesland, Lenti s, and UCP). Wegweis supports shared decision making by 
providing pati ents with their assessment results and an interpretati on thereof in the form 
of personalized advice. 
Since not every pati ent is eager to be confronted with the problems of their illness, 
Wegweis off ers soluti on-oriented informati on. In order to make the website att racti ve 
for pati ents, the informati on is presented in the form of advice, personalized suggesti ons, 
helpful ti ps, and informati on. The advice consists of informati on derived from evidence-
based research (e.g., the Dutch Multi disciplinary Guideline for Schizophrenia), clinical 
experti se, and pati ent experiences. For example, the contents of the advice units range from 
recommending nearby fitness centers and pati ent organizati ons, to providing informati on 
about medicati on side eff ects and locally available cogniti ve behavioral therapy modules. 
To the best of our knowledge, Wegweis is the first web applicati on that is able to 
rank informati on as experienced clinicians do and in a way that is considered helpful by 
schizophrenia pati ents, as we will show in this paper. In it we will explain how we designed 
and implemented an ontology-based approach to reasoning over background knowledge 
and to determining the applicability and specificity of relevant informati on for a pati ent. 
Ranking informati on simplifies navigati on for a pati ent, since the most relevant informati on 
is likely to be on the first few pages of the results. 
With the availability of Wegweis as a web applicati on, pati ents can access its informati on 
at any ti me, and without pressure or supervision. Pati ents should be given access to Wegweis 
prior to meeti ng with their clinician. Wegweis encourages pati ents to bring their own point 
of view to the discussion, thereby making pati ent and clinician equal parti cipants in deciding 
the treatment plan. 
The rest of the paper is organized in the following way: Secti on 2 gives an overview of 
related work; Secti on 3 explains the system design of Wegweis; Secti on 4 explains the user 
interface; Secti on 5 details the problem ontology; and Secti on 6 presents the algorithm 
for selecti ng and ranking advice for a pati ent. We evaluate the system in two experiments 
reported in Secti on 7, discuss the results in Secti on 8, and present some conclusions in 
Secti on 9.
Related work
There are numerous examples of ontology-based applicati ons in healthcare. For example, 
ontologies are used in the middleware of pervasive health systems for monitoring pati ents 
and managing alerts (10) and for generati ng clinical reminders for clinicians (11). Another 
example is TrialX, a web applicati on that uses its own ontology to interpret and evaluate 
data stored in personal health Records in order to match pati ents to clinical trials (12). More 
closely related, SEMPER is an interacti ve web-based platf orm that assists pati ents to self-
manage work-related disorders and alcoholism, and uses ontologies for query expansion 
in text mining in documents (13). Kuriyama and colleagues (14) developed an applicati on 
for mobile devices for collecti ng and sending lifestyle data that are used to display health 
advice in a web applicati on. They use an ontology to suggest exercises based on the goals 
of the pati ent. 
In relati on to other ontology-based applicati ons in healthcare, our applicati on (Wegweis) 
is novel because it is the first applicati on that shows informati on originally intended for 
clinicians (assessment results) to schizophrenia pati ents, and uses an ontology to automate 
the translati on from results to informati on. This automated translati on is an important step 
in implementi ng one of the core requirements of shared decision making, the sharing of 
medical informati on, at low operati onal costs. 
While pati ent-supporti ng web applicati ons are already in use for mental illnesses such as 
anxiety, depression, and addicti on (15), for schizophrenia and other severe mental illnesses, 
less has been achieved thus far (16-18).
In Finland, Välimäki and colleagues (18) have developed the Mieli.Net portal, a pati ent-
centered computer-based support system for pati ents with schizophrenia spectrum 
psychoses. It aims to support self-management by off ering (i) informati on on treatment, 
support, and rights; (ii) a channel for peer support; (iii) a tool for counseling; and (iv) 
interacti on with clinicians by means of a questi on-and-answer column. A prototype was 
developed and has been evaluated by pati ents and healthcare staff . Both nurses and pati ents 
were able to work with the system (18-20). Pati ents were able to access services and find 
relevant informati on (19), and they report their sati sfacti on with the system (21).
In the Netherlands, two recent initi ati ves have been launched aimed at enabling 
empowerment of schizophrenia pati ents. The first is “Eigen regie bij schizofrenie” 
(translati on: personal control over schizophrenia), a website to support pati ents in their 
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viewing the treatment plan, sharing experiences, and requesti ng services. Clinicians can use 
the website to monitor the conditi on of pati ents and detect problems early. The second is 
SamenKeuzesMaken.nl (translati on: making decisions together), a website that is modeled 
aft er a program of Deegan and colleagues (23) that implements the concept of shared 
decision making (24). It off ers informati on about recovery, videos portraying experienced 
pati ents, a questi onnaire in preparati on for meeti ng the clinician, and links to informati onal 
websites. We note that there is no true sharing of informati on here, since the pati ent fills 
out a separate questi onnaire on the website and does not gain access to the assessment 
results that his/her clinician has.
While there are other web applicati ons for schizophrenia pati ents that support shared 
decision making, they do not support the direct sharing of assessment informati on. With 
Wegweis, a direct translati on becomes possible through applying ontological reasoning, as 
we will explain in this paper. Wegweis can rank and personalize informati on for individual 
pati ents. This functi onality can also be abstracted and applied to existi ng self-management 
websites in order to make them more personalized and easier to use for pati ents.
wegweis system design
To facilitate its main functi onality of generati ng and showing advice to pati ents, Wegweis 
retrieves informati on from external services and has an interface for experts to manage the 
advice. 
Retrieving informati on from external services is illustrated in Figure 1. This figure 
shows how Wegweis retrieves pati ent informati on and ROM data from RoQua, an online 
questi onnaire manager used by mental health insti tuti ons in the Northern Netherlands (25). 
RoQua is used by clinicians and interfaces with electronic health records at mental health 
insti tuti ons. Thus, Wegweis interfaces only indirectly with the electronic health records. 
RoQua interfaces with the EHRs using HL7, a communicati ons standard used in healthcare 
applicati ons (26). The communicati on between RoQua and Wegweis uses JSON (27) over 
HTTPS. 
Figure 1 also shows that pati ents can view their advice, and that experts can manage 
the advice units. Pati ents view advice based on an advice selecti on and ranking process 
that uses questi onnaire answers, pati ent informati on, and a problem ontology. We note 
that all domain knowledge is isolated in the problem ontology, so the approach used by 
Wegweis is not necessarily schizophrenia specific. Wegweis has an interface for experts to 
manage the advice units. The advice units that we used for our experiments (Secti on 7) were 
writt en with an emphasis on keeping the text simple and to the point, and were validated 
by psychiatrists, psychologists, and pati ents. The user interface for managing advice units is 
described in the next secti on. 
Before pati ents can view their advice, they need to have an account with Wegweis. We 
created a plug-in for RoQua that allows clinicians to send pati ents an invitati on for Wegweis. 
Sending an invitati on also sends a request to Wegweis to create an account for the pati ent, 
and allows Wegweis to retrieve ROM data and pati ent informati on for that pati ent through 
RoQua. Aft er the invitati on is sent, the pati ent decides whether or not to respond to 
the invitati on. The invitati on e-mail links to an account-creati on page in Wegweis that is 
authorized to create an account linked to the informati on of that parti cular pati ent. On the 
account-creati on page, the pati ent can opti onally provide Wegweis with the names of his/
her psychiatrist and case manager, which are used to personalize the advice texts. Once 
the account has been created, the pati ent is instructed to click on “My Advice” which will 
immediately show the advice that our system has selected, based on the assessment results. 
In this paper we explain how our system selects and ranks advice for pati ents.
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wegweis user interface
Schizophrenia pati ents have specific needs regarding the content, structure, and layout of a 
website (9). They frequently have cogniti ve problems, such as concentrati on problems, as a 
result of the illness and side eff ects of medicati on. Rotondi and colleagues (28) showed that 
for people with severe mental illnesses, best practi ces are to keep the navigati on simple, to 
keep words and phrases simple, to avoid having too much text on one page, and to refrain 
from using flashing or otherwise distracti ng elements. 
We designed and implemented a way to display advice that respects these limitati ons. 
Figure 2 shows part of the “My Advice” page, listi ng the first page of advice for a pati ent. 
This page originally contained Dutch text; shown here is a translati on. The advice on the 
page is divided into three secti ons. We call these secti ons advice units. Each advice unit has 
a ti tle, in bold, that represents the problem area (e.g.,“Is school or work not going so well?”) 
and two or three soluti ons, shown in the gray boxes. Note that these soluti ons are just single 
lines of text. By clicking these lines, interested readers can open up more informati on. These 
expanded contents can again contain collapsed elements. Thus, we gradually show more 
informati on to the pati ent by revealing small chunks of text at a ti me. This interface was 
found to be usable by most schizophrenia pati ents in our usability study (29). 
figure 2. Part of the “My Advice” page in Wegweis.
Wegweis employs aspects of personalizati on to appeal to pati ents. Personalizati on in web 
applicati ons can be defined as any acti on that tailors the web experience to a parti cular user 
or set of users (30). Wegweis implements two levels of personalizati on in the process of 
generati ng advice for pati ents. First, the selecti on of advice units and the order in which they 
are presented depends on the ROM data of a pati ent, and is therefore personalized. This 
process of selecti ng and ranking advice units is part of the main contributi on of this paper, 
and is explained and evaluated in Secti ons 6 and 7. Second, the contents of the advice units 
can be made to appear more personal by including certain variables. These variables are 
evaluated at run-ti me in the context of the pati ent. For example, when we use the variable 
case manager or psychiatrist in the advice contents, the pati ents will see the actual name 
of their practi ti oner instead. This second level of personalizati on is implemented by simply 
locati ng all occurrences of variables and replacing them with the corresponding informati on 
from pati ent profiles. 
While the interface for managing advice units in Wegweis (shown in Figure 3) is based on an 
existi ng CMS framework called BrowserCMS (31), we implemented additi onal functi onality 
to facilitate writi ng advice units. Figure 3 shows how the problems that are associated with 
an advice unit (i.e., the problems that can trigger an advice unit) are selected from a tree 
view. 
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The advice contents are writt en in the Liquid templati ng language (32). We chose a 
lightweight templati ng language, since it allows people without a technical background 
to easily create HTML content. We extended the Liquid syntax to allow for customized 
variables (case manager and psychiatrist) and scopes (collapsed text, ti ps, warnings, quotes, 
and notes). The advice units can embed audio clips, video fragments, as well as other advice 
units (e.g., when reusing common texts). We also added a live preview with syntax checking 
for the advice contents, to avoid common errors. Advice units can be added on-the-fly and 
changes propagated immediately. The advice pages load without noti ceable delay, because 
intermediate stages of the advice unit selecti on process are cached and embedded content 
is loaded asynchronously. The implementati onal details of the staged caching process fall 
outside the scope of this paper.
Problem ontology
The advice ranking and selecti on process in Wegweis is based on questi onnaire items (i.e., 
the questi ons of a questi onnaire), which are handled individually. This individual treatment 
contrasts with the common interpretati on of schizophrenia questi onnaires. Commonly, 
schizophrenia questi onnaires are interpreted through mean or summati on scores of 
multi ple items (2,3). We chose to handle each item individually to keep informati on loss at 
a minimum, on the assumpti on that each item identi fies a disti nct problem. Hence, we use 
the terms “questi onnaire item” and “problem” interchangeably. 
Our approach for the individual treatment of questi onnaire items involves (i) identi fying 
a schizophrenia-related problem for each item and (ii) interpreti ng the answer as a 
measurement of the severity of that problem for a pati ent. This two-step process 
transforms a filled-out questi onnaire into a list of problems and severiti es. The second step 
in this process (i.e., interpreti ng a questi onnaire answer as a problem severity) is detailed 
in the next secti on, where we show how the list of problems and severiti es selects and 
ranks the advice units for pati ents. The first step (i.e., associati ng questi onnaire items with 
schizophrenia-related problems) and the problem ontology used therein are explained in 
the remainder of this secti on. 
Recognizing questi onnaire items as individual problems creates 97 problem variables 
for the four questi onnaires that we consider (16 for MANSA (3), 12 for HoNOS (2), 24 
for CANSAS-P (33), and 45 for OQ-45 (34)), some of which we found to be very similar. 
For example, item 11 of the OQ-45 questi onnaire is associated with the problem called 
AlcoholAbuse, while item 3 of the HoNOS questi onnaire is associated with the problem 
called AlcoholOrDrugAbuse. Since these two problems are semanti cally similar, it is likely 
that an advice unit that applies to one of them also applies to the other. Associati ng an 
advice unit with problems would be tedious if we had to determine applicability for all 
problems of all questi onnaires manually. 
In order to take advantage of the similariti es that exist among the problems identi fied, we 
created a problem ontology, which imposes a hierarchy on the problems and allows us to 
identi fy groups of problems with similar semanti cs. In contrast to the traditi onal approach 
of interpreti ng schizophrenia-related questi onnaires (which considers the summati on of the 
severiti es of a group of related questi onnaire items), our approach considers the maximum 
severity. Thus, in our approach, any individual problem that is severe enough can trigger 
advice. Hence, we can tailor the advice for a pati ent, based on individual problems. 
The problem ontology decouples the questi onnaire items from the advice units and 
thereby simplifies the process of associati ng an advice unit with problems. The decoupling 
is due to the fact that we associate questi onnaire items and advice units with problem 
concepts rather than with each other. The simplificati on in advice unit associati on is due 
to the knowledge stored in the ontology that allows us to associate an advice unit with 
those problems that represent groups of semanti cally similar problems, rather than having 
to determine all applicable problems manually. 
In our ontology, the schizophrenia-related problems are the only concepts and their 
hierarchy is the only relati onship. This relati onship, called the is a relati onship, is a parti al 
order (i.e., relati ons are reflexive, anti symmetric, and transiti ve) that denotes specificity. 
Essenti ally, the inferred relati onships form a tree with root node Problems that branches 
out into increasingly specific problems. Thus, every child node is a more specific problem 
concept of its parent node. For example, in our ontology, the node Fatigue has the following 
ancestors (listed in reverse hierarchical order): NegativeSymptoms, PsychoticProblems, 
PsychicProblems, and Problems. From the properti es of our ontology, we deduce that 
the applicable advice for an acti ve problem concept (i.e., a problem aff ecti ng the pati ent) 
consists of the advice associated with the problem concept or with any of its ancestors.
In our approach, the ontology is traversed in reverse hierarchical order to find advice in 
cases where an acti ve problem concept is not associated with any advice units. 
This process is illustrated in Figure 4. This figure shows part of the ontology as a tree 
with problem concepts as nodes and the is a relati onship as edges. Furthermore, in this 
figure, nodes with a black background are associated with advice units, nodes with a gray 
background are acti ve nodes (i.e., associated with a questi onnaire item that was answered 
above a certain threshold), and nodes with a white background are inacti ve and can be 
ignored. We make no disti ncti on between leaf nodes and other nodes, i.e., any node can be 
associated with advice units, with questi onnaire items, or with both. The arrows in Figure 
4 indicate the paths from acti ve nodes to their first ancestor that is associated with advice 
and show how advice for certain questi onnaire problems is found higher up in the ontology. 
For example, advice that is associated with the School or work problems node will be 
triggered with the maximum problem severity of the questi onnaire items associated with 
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We cover the algorithm for selecti ng and ranking advice units in more detail in the next 
secti on. 
figure 4. Part of the ontology.
We opted to create a new ontology rather than using an existi ng ontology, because we found 
that existi ng ontologies did not cover some of the problem concepts that we identi fied. 
Our idea was that the problem ontology should represent the full spectrum of problems 
that can aff ect a schizophrenia pati ent. The recommended approach for using ontologies 
in health care applicati ons is to use an existi ng medical ontology such as SNOMED-CT (35). 
However, we found that existi ng medical ontologies have no equivalent for some of the 
identi fi ed problem concepts. This is because some of the identi fi ed problem concepts are 
not medical in nature or not associated with the pati ent. For example, item 2 of the MANSA 
questi onnaire asks whether the pati ent is sati sfi ed with his/her residence, which in our 
ontology is associated with the NotSatisfi edWithResidence problem concept. This concept 
has no equivalent in existi ng medical ontologies, since the problem is not medical in nature 
and (arguably) not associated with the pati ent but with his/her residence. 
The primary argument for using an existi ng ontology is to facilitate interoperability (i.e., 
exchanging data with other systems), which can sti ll be achieved with our approach. In our 
case, interoperability would refer to the importi ng and exporti ng of pati ent summaries. 
With our custom ontology, we can sti ll achieve interoperability by associati ng (a subset of) 
the problem concepts with a standardized ontology, such as SNOMED-CT, in an ontology 
mapping. With such an ontology mapping, we can use the same algorithms that we 
designed for fi nding the most relevant advice to fi nd the most relevant concepts that exist 
in a standardized ontology, thus allowing for interoperability with other systems that use 
the same ontology.
We constructed the problem ontology for Wegweis with the help of a psychiatrist and 
a psychologist. These professionals identi fi ed relati onships among problem concepts and 
indicated groups of problems, to which the same advice would apply. We incorporated 
their assessments into the structure of the problem ontology. This ontology (including the 
associati ons with advice units and questi onnaire items) was validated by ROM experts and 
clinicians. They stated that they had studied the ontology and did not fi nd any abnormaliti es. 
Furthermore, they noted that the reasoning applied in the hierarchy was sound and made 
intuiti ve sense. 
We implemented the problem ontology using Protégé (36) in OWL, the Web Ontology 
Language (37). Expressed in OWL terminology, the problem concepts are Classes and the 
relati onships are defi ned using SubClassOf axioms. The inferred hierarchical structure of 
the ontology is the result of running the HermiT 1.2.2 Reasoner on the ontology in Protégé. 
The inferred ontology is exported to an OWL fi le that is parsed by Wegweis. In additi on to 
the problem concepts and their hierarchy, the ontology also stores the associati ons between 
questi onnaire items and problem concepts, but it does not store the associati ons between 
advice units and problem concepts. Our reasoning for this design is that both the problem 
concepts and the questi onnaire items make sense to domain experts (i.e., they make sense 
outside the context of Wegweis), while advice units are objects specifi c to Wegweis. The 
associati ons between advice units and ontology concepts are stored in the database of 
Wegweis. Wegweis identi fi es ontology concepts by their name and conti nuously monitors 
the OWL fi les to avoid inconsistencies. For example, if a problem concept was removed 
from the problem ontology, then any advice unit associated with this problem concept 
should be updated to refl ect that it can no longer be acti vated by said problem concept. In 
contrast, the associati ons between questi onnaire items and ontology concepts are part of 
the ontology and are modeled in OWL as AnnotationAssertion axioms with questi onnaire 
items represented as Literals (e.g., Mansa _1, HoNOS_5). Our ontology is available online 
(38).
selecti ng and ranking advice
Since having too much text on one page can overwhelm the pati ent (9), Wegweis shows 
only three advice units per page. Therefore, the order in which these advice units are listed 
is important. We let the order of advice units be determined by the inferred severity of the 
problems associated with them. We use no exclusion criteria for advice, since we consider 
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assessed the validity of our approach (see Secti on 7). We fi rst introduced the algorithms 
for implementi ng our approach in (39), without an evaluati on. Everything about these 
algorithms, including the design, terminology, and implementati on, was done by us.
An algorithmic overview
Figure 5 gives an overview of our approach for transforming the answers of a pati ent for 
a certain questi onnaire into a sorted list of advice units. The problem severiti es shown in 
the overview are the result of a preprocessing step in which the raw questi onnaire answers 
are normalized. Thus, aft er the preprocessing step, we have the problem severiti es for 
the problem concepts that are associated with the questi onnaire items of the fi lled-out 
questi onnaire. For these problem concepts and for all their ancestors in the ontology, we 
calculate a similar metric that we call the acti vati on strength, which combines problem 
severity with specifi city, as we will explain in this secti on. Finally, we convert a list of problem 
concepts and their acti vati on strengths into a list of advice units and their prioriti es. We 
defi ne the priority of an advice unit as the maximum acti vati on strength of the problems 
that are associated with the advice unit. The result is a list of applicable advice units and 
their prioriti es. These prioriti es are then used to sort the applicable advice, and this sorted 
list of advice units then forms the contents of the “My Advice” pages such as the one shown 
in Figure 2. The remainder of this secti on describes the above steps in more detail, with the 
help of pseudocode and a sample run case. 
figure 5. An overview of our approach for using problem severiti es to rank advice units.
In the preprocessing step of our approach, we convert questi onnaire answers into problem 
severiti es. We defi ne the term problem severity to denote the normalized questi onnaire 
answer such that 0 and 1 denote the least and most severe answer opti on, respecti vely, and 
values for intermediate strata follow from linear interpolati on at equidistant intervals. For 
example, most items of the MANSA questi onnaire are rated on a seven-point sati sfacti on 
scale, from 1 = “Couldn’t be worse” to 7 = “Couldn’t be bett er”. Thus, the problem severity 
corresponding to answer 1 is 1, since it denotes the most severe conditi on, and analogously 
the problem severity corresponding to answer 7 is 0. Likewise, an item answered with 2 = 
“Displeased” translates to a problem severity of ≈0.833. Translati ng questi onnaire answers 
into problem severiti es in this way is possible because we found that the schizophrenia 
questi onnaires that we considered had the same structure. In this structure, the questi onnaire 
items relate to some problem or conditi on, and the answers are an indicati on of how much 
the problem aff ects the pati ent and are expressed on a rati ng scale with a certain number 
of strata. These linear rati ng scales allow for a straightf orward normalizati on to unit range. 
The core of our approach, shown in Figure 5, is our advice unit priority algorithm, a two-
step process that converts problem severiti es into advice unit prioriti es. As we explained 
earlier, the problem severiti es map problems (associated with questi onnaire items) to 
severiti es (the normalized questi onnaire answers). Our algorithm consists of two steps: (i) 
calculati ng the acti vati on strengths and (ii) using the acti vati on strengths to calculate the 
advice unit prioriti es. We will describe these steps next. 
Calculati ng the acti vati on strengths
In the fi rst step of our advice unit priority algorithm, we convert problem severiti es into 
acti vati on strengths. We defi ne acti vati on strengths as (level, severity) tuples that are 
ordered lexicographically by highest level fi rst and by highest severity second. For example, 
the following list of acti vati on strengths appears sorted in order: [0, 0.33], [−1, 0.83], [−1, 
0.44]. The acti vati on strength for a problem p is calculated as the maximum augmented 
acti vati on strength of p and its descendants, where the augmentati on for a descendant q of 
p consists of decreasing the specifi city for every advice unit that applies to q but not to p. For 
example, imagine that we want to calculate the acti vati on strength of the School or work 
problems node in Figure 4, with the following nodes being acti ve: Missing school with 
problem severity 0.25, Not satisfi ed with school or work with problem severity 0.50, 
and Too much school or work with problem severity 0.75. Now, the acti vati on strengths 
of these nodes from the point of view of the School or work problems node are [0, 0.25] 
for Missing school, [0, 0.50] for Not satisfi ed with school or work, and [−1, 0.75] for 
Too much school or work. The Too much school or work node has a lower level, since 
there is an advice unit (associated with the School or work stress node) that applies to 
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the acti vati on strength of the School or work problems node is [0, 0.50], which is the 
maximum augmented acti vati on strength of itself and its descendants, since the tuples are 
ordered lexicographically by highest level fi rst and by highest severity second. 
A descripti on in pseudocode for this step is the GetProblemActivationStrengths 
algorithm shown in Figure 6. This algorithm starts by initi alizing P to be the set of all problem 
concepts in the ontology and T to be a mapping of problems to acti vati on strengths, which 
are initi alized as tuples of problem severiti es with level 0 for the nodes associated with 
acti ve questi onnaire items. In the algorithm, T and A hold intermediate results, while B is 
eventually returned. The outer loop traverses over all nodes in P by selecti ng the leaf nodes 
of P in every iterati on and removing them from P aft erwards In the inner loop, T[p] is set to 
the maximum T value of p and its descendants, and if this value is not null, then it is copied 
to B[p]. When all leaf nodes in an iterati on have been considered, T and A are updated to 
account for advice given in the iterati on. 
The algorithm makes use of the GetLeafNodes functi on, which is shown in Figure 7. 
This functi on returns the subset of relati ve leaf nodes within a given set of nodes P. The 
relati ve leaf nodes are the nodes that have no descendant nodes that are in the set P. This 
defi niti on has a straightf orward descripti on in pseudocode. In the pseudocode in Figure 
7, the algorithm iterates over all problems in P and returns those problems whose sets of 
descendants, according to the ontology, have no elements in common with P. 
figure 6. The GetProblemActi vati onStrenghs algorithm.
figure 7. The GetLeafNodes algorithm.
Aft er each iterati on of the outer loop body of GetProblemActivationStrengths, the levels 
of the acti vati on strengths are updated by the UpdateProblemLevels algorithm. In the 
pseudocode of UpdateProblemLevels in Figure 8, the algorithm fi rst sets U to be the set of 
all advice units that are associated with acti ve nodes in N. Then, for each advice unit, the 
algorithm tries to decrease the level of all problems that the advice unit applies to (i.e., all 
problems that are associated with the advice unit and all descendants of those problems). 
Some bookkeeping is done in A to ensure that one advice unit does not decrease the level of 
a node more than once (which could occur over the span of multi ple iterati ons). 
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Calculati ng the advice unit prioriti es
In the second step of our advice unit priority algorithm, we convert acti vati on strengths into 
advice unit prioriti es. The advice unit prioriti es map advice units to (level, severity) tuples 
which, like the acti vati on strengths, are ordered lexicographically by highest level fi rst and 
by highest severity second. In fact, we defi ne the priority of an advice unit as the maximum 
acti vati on strength of the problems that are associated with the advice unit. The algorithm 
GetAdviceUnitPriorities, shown in Figure 9, shows a straightf orward descripti on of this 
defi niti on and returns a mapping of advice units to prioriti es. These advice units are all the 
applicable advice units for the pati ent, based on the questi onnaire answers provided, and 
the prioriti es are used to order the advice units. 
figure 9. The GetAdviceUnitPrioriti es algorithm.
From the algorithms used for our advice unit priority algorithm, we deduce that our approach 
ranks specifi c advice before generic advice and aims to diversify the top results (i.e., not 
letti  ng the three advice units on the fi rst page of advice all correspond to the same problem). 
For every advice unit associated with a problem in N, the UpdateProblemLevels algorithm 
decreases the level of the acti vati on strengths of all problems that the advice unit applies 
to. Decreasing the levels of the acti vati on strengths causes the aff ected problem nodes to 
have lower acti vati on strengths for triggering advice in later iterati ons. We assume that the 
advice selected in later iterati ons is more generic, since it is associated with problem nodes 
that are more generic (because we traverse leaf nodes fi rst, and leaf nodes are the most 
specifi c nodes according to the hierarchy of the ontology). Thus, by lowering the acti vati on 
strengths of selected nodes aft er each iterati on, our approach awards the highest rank to 
the most specifi c advice for a problem. Moreover, any advice triggered by the same problem 
in a later iterati on is ranked lower than all specifi c advice (i.e., advice units triggered with an 
acti vati on strength with level 0), regardless of severity. 
Thus far, we assumed that there was one single fi lled-out questi onnaire; however, our 
approach also works for multi ple fi lled-out questi onnaires. The only additi onal complicati on 
is that there now is a possibility that items of diff erent questi onnaires point to the same 
problem concept in the ontology. If this is the case, we take the (normalized) average of 
those answers as the problem severity for that problem.
An example run
We will now illustrate the operati on of the pseudocode of our advice unit priority algorithm 
by calculati ng advice prioriti es in an example scenario, shown in Figure 10. This fi gure shows 
a subset of the nodes from Figure 4, with the additi on of an advice unit associated with the 
School or work stress node. In Figure 10, as in Figure 4, nodes with a black background 
are associated with advice units, nodes with a gray background are acti ve nodes (i.e., 
associated with a questi onnaire item that was answered above a certain threshold), and 
nodes with a white background are inacti ve and can be ignored. In this sample run, we will 
refer to the three nodes in Figure 10 as α, β, and ϒ. Each of these nodes is associated with 
an item of the OQ-45 questi onnaire, but only two nodes are considered acti ve. We consider 
nodes as acti ve only if they have a problem severity above a certain threshold (here we used 
0.5). We will explain our moti vati on for using this parti cular threshold in more detail in the 
next secti on. For now, it is suffi  cient to know that we consider nodes α and ϒ (with problem 
severiti es 0.67 and 0.75, respecti vely) as acti ve and node β as inacti ve. Furthermore, note 
that node α is the only node associated with an advice unit (ϕ: “Talk to case manager”). The 
functi on GetProblemActivationStrengths (from Figure 6) is called with V = {α ⇒ 0.67, ϒ 
⇒ 0.75}. The node β is not included in V because it is not considered acti ve. The variable P is 
initi alized to P = {α, β, ϒ} because it is simply a list of all nodes in the ontology. The variables 
B, T, and A are initi alized to empty associati ve arrays. The fi rst for-loop sets T = {α ⇒ [0, 
0.67], ϒ ⇒ [0, 0.75]}. 
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In the fi rst iterati on of the while-loop, we fi nd as leaf nodes N = {β, ϒ}. Since neither of these 
nodes has descendants, T remains unchanged in the fi rst inner loop. B becomes {ϒ ⇒ [0, 
0.75]}. Note that β is not included in B because β was not included in V. Variables T and A 
remain unchanged aft er the call to UpdateProblemLevels (from Figure 8), since none of the 
nodes in N are associated with advice units. 
In the second iterati on of the while-loop in GetProblemActivationStrengths, by having 
removed β and ϒ from P, we now fi nd N = {α}, and T becomes {α ⇒ [0, 0.75], ϒ ⇒ [0, 0.75]}, 
since ϒ is a descendant of α. These are also the values returned by B. Aft er the second 
iterati on, UpdateProblemLevels sets A to {α ⇒ ϕ, ϒ ⇒ ϕ} and T to {α ⇒ [−1, 0.75] , ϒ ⇒ 
[−1, 0.75]}, signifying that an advice unit ϕ was given that applies to these problems. These 
values for T would normally be used in future iterati ons; however, in this example, there are 
no future iterati ons, since there are no nodes left  in P. 
The second step in our approach in Figure 5 is to call the functi on GetAdviceUnitPriorities 
(from Figure 9) with B = {α ⇒ [0, 0.75], ϒ ⇒ [0, 0.75]}. Since the only node associated with an 
advice unit in our example is node α, and since this node is included in B, we fi nd that this 
results in R = {ϕ ⇒ [0, 0.75]}. 
Thus, for this sample scenario we fi nd that the list of selected advice units consists of a 
single advice unit ϕ triggered with priority [0, 0.75]. The level 0 signifi es that the advice unit 
is the most specifi c advice unit for a certain problem (School or work stress, i.e., node 
α, for which the strength is calculated as the maximum of it and its descendants that are 
not covered by a more specifi c advice unit) and that it should be sorted by severity among 
other level 0 advice units, that is, before any advice units triggered with level −1 or lower. 
In the next secti on, we will validate and test our approach against the opinions of clinicians 
and pati ents.
experiments and results
We will evaluate the uti lity of our system in two experiments, both based on results of the 
MANSA questi onnaire (3). The fi rst experiment compares the identi fi cati on of important 
problems vis-à-vis the opinions of clinicians, and the second experiment compares the 
selecti on of relevant advice topics vis-à-vis the opinions of pati ents. For our fi rst experiment, 
given a set of fi lled-out questi onnaires, we tested how closely our method which is based on 
problem severiti es corresponds, in terms of identi fying important problems, to the opinions 
of clinicians who give pati ents advice on a day-to-day basis. The goal is to determine whether 
clinicians are primarily steered by the type of problem (i.e., some problems are considered 
more important than others) or by the severity of the problem, our system being based 
on the latt er assumpti on. For our second experiment, we measure the eff ects of using a 
severity threshold to truncate the list of advice units for a pati ent by letti  ng pati ents evaluate 
the perceived relevance of selected advice topics. Additi onally, this experiment allows us 
to draw conclusions about whether the system is considered helpful and relevant by the 
pati ents. We chose to use the MANSA questi onnaire for our experiments because: (i) it is 
part of the standard ROM protocol; (ii) it is a relati vely short questi onnaire, yet it identi fi es a 
variety of problems; and (iii) it can be fi lled out by the pati ents themselves. In the following 
secti on, we will introduce some concepts common to both experiments. 
Evaluati on measurements
In the evaluati on of the results of our experiments, we used measurements of precision, 
recall, and their harmonic mean (also called the F-measure). In both experiments, for each 
fi lled-out questi onnaire, we compared two selecti ons, one made by the system and one 
made by the expert. We established the selecti on made by the expert as a ground truth, 
allowing the relevance of the selecti on made by the system to be expressed in terms of 
precision, recall, and harmonic mean. The precision is the fracti on of items selected by the 
system that are also selected by the expert, while recall is the fracti on of items selected by 
the expert that are also selected by the system. We applied these measurements in both 
experiments, but we applied them to diff erent concepts. The selecti ons made by the system 
and experts consist of items (called “topics” in the formulas below), which are problem 
areas for our fi rst experiment and advice units for our second experiment. Likewise, the 
term “expert” refers to the clinicians for our fi rst experiment and to the pati ent for our 
second experiment. Furthermore, the selecti ons are the topics considered most relevant. 
We calculated the precision, recall, and harmonic mean using a cut-off  to consider only 
the fi rst n topics (n = 1, 2, 3). The fi rst three topics form a good evaluati on criterion for our 
experiments, since Wegweis shows only three advice units on the fi rst page of advice for 
a pati ent. In the following defi niti ons, let 𝑇𝑒𝑛 denote the set of the n most relevant topics 
according to the expert, and let 𝑇s𝑛 denote the set of the n most relevant topics according to 
the system. We formulate P
n
 (i.e., precision at n) as follows (40).
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Thus, recall is the fracti on of the n most relevant topics identi fi ed by the expert that are 
also identi fi ed as relevant by the system. Finally, we defi ne F
n
 (i.e., the harmonic mean of 
precision and recall at n) as follows. 
In our experiments, we evaluated the eff ects of applying a severity threshold to limit the 
number of results returned. If we were to simply return all results, that is, marking as relevant 
every problem that did not have a perfect answer, the pati ent would be overwhelmed by 
the amount of advice and would receive a lot of advice for issues that he/she would not 
consider to be a problem (e.g., MANSA items answered with 6 = “Pleased”). Thus, since 
we base our relevance selecti on solely on problem severity, we needed to use a severity 
threshold to limit the amount of results returned. The MANSA questi onnaire consists of 
16 items, 4 of which are binary items (i.e., answered using “Yes” or “No”) and the other 12 
are rated on a seven-point sati sfacti on scale (ranging from 1 = “Couldn’t be worse” to 7 = 
“Couldn’t be bett er”). Since the most complex answer type in the MANSA questi onnaire 
is a seven-point rati ng scale, there are six possible thresholds. To fi nd the best threshold, 
we evaluated these described measurements for all threshold values on our test set. The 
results listed “with thresholding” correspond to the opti mal threshold value (which ignores 
answers in the 5-7 range). 
In cases where there is no unique ordering (e.g., because multi ple problems have the 
same severity), we take the average over all possible permutati ons that sati sfy the criterion 
of being sorted according to severity. This guarantees that the ordering depends solely on 
severiti es, even when these are equal, without introducing an arbitrary bias.
Clinicians and problem severiti es
As our fi rst experiment, we will test how a system based on problem severiti es corresponds 
to the opinion of clinicians, with respect to identi fying important problems in the MANSA 
questi onnaire. We executed this experiment twice, with diff erent sets of samples, and the 
results presented in this secti on pertain to the two sets combined. In the fi rst executi on, we 
selected fi ve samples (i.e., fi lled-out MANSA questi onnaires) with several severe problems 
and asked fi ve clinicians (2 psychiatrists and 3 nurse practi ti oners) to give a list of problem 
areas in descending order of importance, which they would discuss with the pati ent, for 
each sample. We then compared these 25 results to those of Wegweis. In the second 
executi on, we repeated this experiment with 3 clinicians and 30 samples. Contrary to the 
fi rst set of samples, this second set was chosen fully at random, that is, the samples did not 
necessarily have any severe problems. In point of fact, fi ve of the samples in this set actually 
did not have any severe problems. The executi ons amounted to a total of 35 samples, 
which were evaluated by clinicians in 115 lists, which we then compared with the results of 
Wegweis. The samples that we used in this experiment were selected from a data set (which 
we acquired through RoQua) of MANSA questi onnaires fi lled out by schizophrenia pati ents. 
Five of the samples that we used in the second executi on for this experiment did not 
include any severe problems and so were excluded from this test. The reason for this was 
that we cannot use samples without severe problems to prove or disprove our assumpti on 
that clinicians select severe problems. Moreover, with severity thresholding applied, our 
approach only gives results for a sample when it contains severe problems. From our data 
set of 2601 samples from 1379 pati ents, 291 samples (11.19%) had no severe problems. We 
simply accepted the fact that our approach did not apply to the 11.19% of schizophrenia 
pati ents who had no severe problems, which we justi fy by arguing that we do not need to 
give advice if there is no need for it. 
An impression of the distributi on of answers of schizophrenia pati ents for this questi onnaire 
is given in Figure 11. This fi gure shows 2601 fi lled-out MANSA questi onnaires from 1379 
schizophrenia pati ents in the Northern Netherlands as heat maps. A heat map is a two-
dimensional plot in which the values of a variable are embedded through color intensiti es 
or gray levels. In Figure 11, the gray level denotes the sample frequency, such that the 
average gray level of each row is the same, that is, dark squares denote popular choices. 
The fi gure shows three heat maps, one for each answer type of the MANSA. The severity 
of the responses increases from left  to right, with the two smaller heat maps representi ng 
the yes/no and no/yes items. The braces give an indicati on of the spread of the answers for 
an item, and are placed at one standard deviati on from the mean on either side. The nil 
column indicates missing or blank values, which are ignored. This fi gure shows that even 
though the questi onnaire has only 16 questi ons, many disti nct combinati ons of answers 
exist, and identi fying the important problems is not a trivial task. 
We established the ground truth in this experiment by averaging over the rankings given 
by the clinicians. For each sample, this resulted in a single ordered list of problem areas. 
However, these lists could include outliers (e.g., topics that were selected by restricted the 
maximum length of the list of topics selected by the clinicians) to the number of severe 
problems in the sample. Our reason for basing the cut-off  on the number of severe problems 
is that we are interested in the problems that are considered relevant by clinicians in spite 
of other problems that are more severe. For example, if a sample indicates three severe 
problems, and we consider the fi rst three problems selected by the clinicians as relevant, 
then any diff erence with the selecti on of the system is an indicati on of non-severe problems 
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We compared the selecti ons of the clinicians to the selecti ons of the system with thresholding, 
and the result is shown in Table 1. This table shows measurements of precision, recall, and 
F-measure for n = 1, 2, 3. From Table 1 we note that with severity thresholding we retain 
perfect recall values for n = 1 and n = 2. Thus, we fi nd that in our experiments, the two most 
important topics according to a clinician are always severe problems. Moreover, for the fi rst 
three results, our approach based on problem severiti es complies with clinicians evaluati ons 
on average 94% of the ti me. 
Table 1. Comparing the system (with tresholding) to the opinion of the clinicians
n Precision @ n Recall @ n F-measure @ n
1 0.983 1.000 0.992
2 0.957 1.000 0.978
3 0.943 0.944 0.944
While Table 1 shows the similarity between system and clinicians for the fi rst three results, 
for a comparison of the full selecti ons (i.e., for n =∞), we refer to Table 2. This table gives a 
breakdown per topic of the selecti ons made by system and clinicians. The “Only clinicians” 
column shows the topics that were non-severe problems yet were included by clinicians, the 
“Only system” column shows the problems that were severe yet were excluded by clinicians, 
and the “Both” column shows topics that were included by both. On average, we fi nd that 
7.3% of selected topics were non-severe problems yet were included by clinicians, and 
20.7% were severe problems yet were excluded by clinicians. Thus, for the full selecti ons, 
our approach corresponds 72.0% of the ti me with the clinicians, but as we saw in Table 1, 
this percentage is higher (94%) for the fi rst three results.
Table 2. A breakdown per topic for n-∞, comparing the system (with tresholding) to the opinion of 
the clinicians. 
Topic only clinicians only system Both
Sex 0.0%(0) 66.7%(12) 33.3%(6)
Physical health 0.0%(0) 38.5%(5) 61.5%(8)
Daily acti viti es 30.8%(4) 7.7%(1) 61.5%(8)
Life 8.3%(1) 25.0%(3) 66.7%(8)
Security 18.8%(3) 12.5%(2) 68.8%(11)
Finances 0.0%(0) 28.6%(4) 71.4%(10)
Housing 5.3%(1) 10.5%(2) 84.2%(16)
Psychic health 11.8%(2) 0.0%(0) 88.2%(15)
Relati onships 0.0%(0) 7.7%(2) 92.3%(24)
Accused of crime 0.0%(0) 0.0%(0) 100.0%(2)
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Pati ents and advice relevance 
For our second experiment, we evaluated to what extent the advice units selected by 
Wegweis for a pati ent were considered relevant by that pati ent. In this experiment, we let 
pati ents fi ll out a MANSA questi onnaire and had them evaluate the advice selected by the 
system, based on those questi onnaire answers. We performed this parti cular experiment for 
two reasons. First, this experiment allows us to evaluate the eff ect, with respect to pati ent 
sati sfacti on, of limiti ng the number of selected advice units by applying a severity threshold. 
We evaluated this eff ect by presenti ng the pati ents with all the applicable advice units, 
letti  ng them make their own selecti on of relevant advice, and then comparing that selecti on 
to the selecti on of the system aft er applying the severity threshold. Second, this experiment 
evaluated our advice selecti on and the ranking algorithms that were explained in Secti on 6. 
These algorithms are used because the connecti on between questi onnaire items and advice 
units is not necessarily direct but can be inferred through the problem ontology. Thus, the 
advice selecti on for a pati ent can, for instance, contain very generic advice for very specifi c 
problems. Therefore, the assumpti on to be tested is that the overall selecti on of advice is 
sti ll deemed relevant by the pati ent.
In this experiment, the ground truth is the opinion of the pati ent who fi lled out the 
questi onnaire, and the results are averaged over all pati ents. For this experiment, we 
asked 13 pati ents (for informati on on the selecti on procedure for pati ents, we refer to our 
usability study (29)) to fi ll out the MANSA questi onnaire. These fi lled-out questi onnaires 
were then processed by Wegweis to calculate the full set of applicable advice units (i.e., 
without thresholding) for each pati ent. The pati ents were then asked to select from their set 
those advice units that they considered relevant to their personal situati on and to list them 
in order of relevance. We told the pati ents to evaluate the relevance of the topics of the 
advice units (i.e., the advice ti tles) and not the relevance of the advice contents. The advice 
contents were not evaluated in this paper, because they were independent of our approach 
for inferring, selecti ng, and ranking advice. 
The results of comparing the selecti ons of the pati ents to the selecti ons of the system 
(both with and without thresholding) are shown in Table 3. This table shows measurements 
of precision, recall, and F-measure for n = 1, 2, 3, ∞. The thresholding used for the bott om 
half of the table is the same thresholding we used in our fi rst experiment, that is, it implies 
that the system will ignore non-severe problems. The perfect (1.000) values for recall in the 
top half of Table 3 are explained by the fact that the system does not omit any advice unless 
a threshold is used. 
In Table 3, we fi nd that for increasing values of n, the measurements do not show a steady 
decrease but show fl uctuati on. This fl uctuati on is due to the fact that the measurements 
for diff erent values of n are based on diff erent amounts of samples, because some samples 
have only one or two relevant advice units. 
Table 3. Comparing the system (with and without tresholding) to the opinion of the pati ents.
n Precision @ n Recall @ n F-measure @ n
Without thresholding
1 0.652 1.000 0.790
2 0.617 1.000 0.763
3 0.665 1.000 0.798
∞ 0.361 1.000 0.530
With thresholding
1 0.652 0.846 0.737
2 0.643 0.808 0.716
3 0.702 0.815 0.754
∞ 0.574 0.756 0.653
For example, when the number of relevant advice units for a sample according to the system 
(or the pati ent) is two, then this sample will be included in the average for n = 2 but not in 
the average for n = 3. Despite these fl uctuati ons, we can derive that, for our advice system 
based on severiti es, on average two of the three advice units on the fi rst page of advice are 
considered relevant by the pati ent (0.702 precision at n = 3). 
Table 3 also shows that applying a severity threshold results in a higher F-measure when 
comparing all relevant advice. The rows with n =∞ in Table 3 correspond to the standard 
defi niti ons for precision, recall, and F-measure. These rows show that the precision 
increases when applying a severity threshold. More specifi cally, when applying a threshold, 
57.4% of the advice given is considered relevant by pati ents, up from 36.1%. This increase in 
precision comes coupled with a decrease in recall from 100% to 75.6%, which indicates that 
only 75.6% of the advice units considered relevant by the pati ents link to severe problems. 
However, the combined eff ect of thresholding remains positi ve. This eff ect is shown by the 
increase of F-measure (from 0.530 to 0.653). These fi ndings suggest that, according to the 
pati ents, the use of the severity threshold improves the quality of the advice returned by 
the system. A breakdown into individual advice topics was omitt ed from this paper, since it 
did not identi fy any signifi cant trends. 
The values of Table 3 are relati vely low, which indicates that, for pati ents, the problem 
severity is not the only criterion for determining the relevance of an advice unit. For example, 
in our experiment, there were multi ple pati ents with severe problems who marked only 
non-severe advice units as relevant. In a dismissed alternati ve approach, we applied global 
relevance learning to identi fy popular advice units for pati ents. However, we found that 
global relevancies did not improve the results. This outcome suggests that the relevant 
advice selecti on of pati ents is highly pati ent-specifi c. 
We performed a second run of the experiment by inviti ng another 14 pati ents to use 
and evaluate our system, to comment on its uti lity, and to report any abnormaliti es. 
Their responses were consistent with our earlier observati ons. Eight pati ents responded 
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three advice units selected by the system with thresholding, 46.7% was found relevant. 
A possible explanati on as to why this number is lower is because, for this run, we used 
questi onnaire data from the most recent assessment of the pati ents, which was outdated 
in some cases. For example, one pati ent remarked that the advice addressed problems that 
he had reported six months earlier but which had been resolved since then, and thus the 
associated advice was no longer relevant. In a typical setti  ng, where Wegweis is used as 
soon as the assessment results are in, the relevance is likely to be higher. 
discussion
Prior studies have noted the importance of ethical imperati ves such as shared decision making 
(7). Shared decision making requires the sharing of medical informati on between pati ent 
and clinician. In the current treatment of schizophrenia pati ents, the clinician decides which 
informati on is shared. We believe that informati on sharing and shared decision making as a 
whole can be facilitated by automated ways of interpreti ng and explaining medical data in 
forms that are accessible and understandable for pati ents. 
The results of our current study show that for the task of identi fying the most important 
problems from a fi lled-out MANSA questi onnaire, an approach based on problem severiti es 
can be an adequate approximati on of the way clinicians prioriti ze informati on for a pati ent. 
For the three most important problems, our approach corresponded to the opinion of 
clinicians in 94% of tested cases, and for all problems, our approach corresponded in 72%. 
The diff erences appear to be restricted to a subset of the topics. For example, in Table 2, we 
fi nd that frequently occurring problems such as housing, psychic health, and relati onships 
were identi fi ed by the system and clinicians roughly equally oft en. However, sexual problems, 
fi nances, and physical health are issues that clinicians someti mes choose to omit, even 
when these problems are severe. In contrast, clinicians someti mes discuss daily acti viti es 
without these being a severe problem. The possible bias for this topic was explained by one 
of the clinicians, who remarked that when there is nothing else to discuss, they would ask 
the pati ent what their plans were for the upcoming week, which is a discussion topic that 
would be classifi ed under daily acti viti es in our experiments. Another clinician remarked 
that they would ask the pati ent if they had any other problems or topics that they wanted 
to discuss. While not modeled in the results, this interacti on roughly equates to the search 
functi on on the Wegweis website. 
However, we found that pati ents do not prioriti ze informati on in the same way as clinicians 
do (i.e., using only problem severiti es). While problem severiti es have some signifi cance 
for pati ents, pati ents, in their relevance selecti ons, may consider other factors which are 
unknown to us. In spite of this fact, our experiments show that pati ents sti ll consider most 
advice given by the system to be relevant and perceive a quality improvement when a severity 
threshold is used. The fact that the severity threshold had a positi ve eff ect was explained 
during our feedback sessions by pati ents, who stated that they did not appreciate being 
given advice for problems where they had answered 6 = “Pleased” instead of 7 = “Couldn’t 
be bett er.” Our experiments also tested the use of the problem ontology to infer generic 
advice for specifi c problems, since 5 of the 16 MANSA items had no directly associated 
advice in the problem ontology at the ti me of testi ng.  Inferring advice through the ontology 
did not lead to any logically unexpected advice, according to the pati ents. Feedback from 
pati ents concerning the relevance of advice was related mostly to the contents of the advice 
rather than to the reason that the advice was given. For example, one pati ent noted that he 
talked about physical problems with his physician and not his psychiatrist. 
The results of this study are consistent with those of other studies that demonstrated the 
uti lity of self-management applicati ons in healthcare (15). Furthermore, our experiments 
have not yielded any evidence to support the traditi onal belief that there is danger in giving 
schizophrenia pati ents direct access to their medical informati on. On the contrary, our 
experiments are consistent with the more recent belief that pati ents benefi t from shared 
decision making (5). 
The results need to be interpreted with cauti on as they are based on small sample sizes. 
Moreover, our approach only applies for samples that have at least one severe problem, 
otherwise no advice is shown. Furthermore, the experiment with clinicians is not an enti rely 
accurate scenario in some cases, since in practi ce clinicians will take the pati ent history 
into account when giving advice. Whether or not this would shift  the results signifi cantly 
and whether the pati ent would benefi t more from biased or unbiased advice are topics of 
debate. 
Our fi ndings suggest that an approach based on problem severiti es is adequate for 
identi fying important problem areas from schizophrenia-related questi onnaires, and that 
such an approach can be considered helpful and relevant by pati ents in selecti ng and 
ranking advice. 
These fi ndings have important implicati ons for the development of systems that automate 
the translati on and interpretati on of assessment results for pati ents with chronic illnesses. 
If such systems can be shown to work for schizophrenia pati ents, who impose numerous 
restricti ons on the user interface, then these systems are likely to work for pati ents 
with other chronic illnesses too. In those branches of healthcare, this paves the way for 
automated soluti ons that support the sharing of informati on between pati ent and clinician 
as an integral part of shared decision making. 
The present results are signifi cant because they demonstrate the effi  cacy of an intuiti ve 
way to prioriti ze informati on in the same way as a clinician would. However, our approach 
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Conclusions and future work
We have presented the development, the design, the testi ng, and the evaluati on of 
Wegweis, a pati ent-centered web applicati on driven by an ontology-based approach that 
uses ROM assessment results to select and rank advice for schizophrenia pati ents. The 
system has minimal impact on the way clinicians work, because it integrates with an existi ng 
questi onnaire manager. Adding support for a questi onnaire in Wegweis is simplifi ed by 
the fact that questi onnaires are decoupled from advice by virtue of the problem ontology. 
Background knowledge, embedded in the structure of the ontology, is used to infer advice 
when no exact match is found, which adds to the robustness of the system. 
The study set out to determine whether a fully automated explanati on and interpretati on 
of ROM assessment results for schizophrenia pati ents that prioriti zes the informati on in the 
same way that a clinician would is possible, and whether it would be considered helpful 
and relevant by pati ents. The evidence from this study suggests that such an automated 
explanati on and interpretati on is indeed possible and considered relevant by pati ents, and 
thus can be a helpful additi on in improving pati ent care. The improvement is due to two 
reasons. First, an automated explanati on and interpretati on of assessment results empowers 
the pati ent because it allows pati ents to prepare for discussing their treatment plan without 
requiring any help. Second, where clinicians may forget to menti on or choose to ignore 
certain alternati ves, an automated approach presents the pati ent with all the opti ons it 
knows about and leaves the decision up to the pati ent. We conclude that a system such as 
Wegweis can work as a useful adjunct to the care of schizophrenia pati ents in the form of a 
second perspecti ve: unbiased advice that is ordered in a way that has high similarity to what 
a clinician would discuss, given the same questi onnaire data. 
The approach we used for selecti ng and ranking advice can be used to enhance self-
management websites for other chronic illnesses as well. Since all domain knowledge is 
stored in the ontology, the approach lends itself to providing personalized advice in other 
areas of healthcare. 
Finally, a number of important limitati ons need to be considered. First, an advice system 
relies heavily on the domain-specifi c problem ontology and on the advice contents. 
Moreover, its performance is very dependent on the specifi c questi onnaires. Thus, porti ng 
the approach to other areas of healthcare would not be a trivial task. A new ontology would 
have to be built, based on disease-specifi c questi onnaires and terms, and a new body of 
advice contents would have to be collected and validated by experts. Second, the main 
weakness of our study was the small number of pati ents who evaluated the advice selecti ons 
of our system, and those results may therefore not be transferable to schizophrenia pati ents 
in general.
Our research has raised many questi ons in need of further investi gati on. More experiments 
are needed to determine how questi onnaires other than the MANSA would score in the 
experiments.
Another issue worth investi gati ng is the extent to which clinicians take the pati ent history 
into account when identi fying important problems, and how this can be modeled. Another 
unaddressed questi on is how to make the advice rankings match the pati ent opinions more 
closely. An approach that takes previous assessments into account may help to construct 
a more complete image of a pati ent and would allow for reasoning over changes in the 
conditi on of a pati ent over ti me. While we are aware that some work has been started in 
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ABsTRACT
Background: Mental health policy makers encourage the development of electronic decision 
aids to increase pati ent parti cipati on in medical decision making. Evidence is needed to 
determine whether these decision aids are helpful in clinical practi ce and whether they lead 
to increased pati ent involvement and bett er outcomes.
objecti ve: This study reports the outcome of a randomized controlled trial and process 
evaluati on of a Web-based interventi on to facilitate shared decision making for people with 
psychoti c disorders.
methods: The study was carried out in a Dutch mental health insti tuti on. Pati ents were 
recruited from 2 outpati ent teams for pati ents with psychosis (n=250). Pati ents in the 
interventi on conditi on (n=124) were provided an account to access a Web-based informati on 
and decision tool aimed to support pati ents in acquiring an overview of their needs and 
appropriate treatment opti ons provided by their mental health care organizati on. Pati ents 
were given the opportunity to use the Web-based tool either on their own (at their home 
computer or at a computer of the service) or with the support of an assistant. Pati ents in 
the control group received care as usual (n=126). Half of the pati ents in the sample were 
pati ents experiencing a fi rst episode of psychosis; the other half were pati ents with a chronic 
psychosis. Primary outcome was pati ent-perceived involvement in medical decision making, 
measured with the Combined Outcome Measure for Risk Communicati on and Treatment 
Decision-making Eff ecti veness (COMRADE). Process evaluati on consisted of questi onnaire-
based surveys, open interviews, and researcher observati on.
Results: In all, 73 pati ents completed the follow-up measurement and were included in 
the fi nal analysis (response rate 29.2%). More than one third (48/124, 38.7%) of the 
pati ents who were provided access to the Web-based decision aid used it, and the most 
used its full functi onality. No diff erences were found between the interventi on and control 
conditi ons on perceived involvement in medical decision making (COMRADE sati sfacti on 
with communicati on: F
1,68
 = 0.422, P = .52; COMRADE confi dence in decision: F
1,67
= 0.086, 
P = .77). In additi on, results of the process evaluati on suggest that the interventi on did not 
opti mally fi t in with routi ne practi ce of the parti cipati ng teams.
Conclusions: The development of electronic decision aids to facilitate shared medical 
decision making is encouraged and many people with a psychoti c disorder can work with 
them. This holds for both fi rst-episode pati ents and long-term care pati ents, although the 
latt er group might need more assistance. However, results of this paper could not support 
the assumpti on that the use of electronic decision aids increases pati ent involvement in 
medical decision making. This may be because of weak implementati on of the study protocol 
and a low response rate.
Trial Registrati on
Nederlands Trial Register (NTR): trial number 10340; htt p://www.trialregister.nl/trialreg/
admin/rctsearch.asp?Term=10340 (Archived by WebCite at htt p://www.webcitati on.
org/6Jj5umAeS).
inTRoduCTion
Shared decision making in mental health care has been dubbed an ethical imperati ve 
(1). Since the rise of recovery-oriented medicine, pati ents have been acknowledged as 
experienti al experts and equal partners in communicati on with clinicians. Research has 
shown that people with severe and persistent mental disorders are no excepti on. People 
with psychoti c disorders are able and willing to parti cipate in medical decision making 
(2,3). However, the desire for parti cipati on is greater than the amount of parti cipati on they 
actually experience (4,5). A range of obstacles hamper successful implementati on. Most 
clinicians believe in the benefi ts of shared decision making, but ti me constraints and a large 
number of clinical responsibiliti es prevent them from practi cing it (6,7). Moreover, pati ents 
may not be used to acti vely parti cipati ng in medical decision making and they can lack 
access to medical informati on that is easily intelligible (8).
Drake and Deegan (9) stressed the need for decision aids and support centers to ensure 
the development of an infrastructure that facilitates the practi ce of shared decision making. 
Several initi ati ves have been developed in this area. For instance, in Germany, Hamann et 
al (3) investi gated the eff ecti veness of a shared decision-making interventi on with a printed 
decision aid for inpati ents with schizophrenia. They found that pati ents using the decision 
aid had bett er knowledge about their disease and had a higher perceived involvement in 
medical decisions compared to a control group that received care as usual (3). Recently, 
a special case was made for electronic decision aids (10) because they have various 
advantages over paper-based decision aids, such as presenti ng personalized informati on 
based on smart algorithms. So far, 3 electronic decision aids have been developed and 
investi gated to support shared decision making in the treatment planning for people with 
severe mental disorders, but the results are inconsistent (11,12). A pilot study by Deegan et 
al (11) showed that outpati ents were able to work with a Web-based program to support 
shared decision making in psychopharmacological consultati on. Pati ents used the program 
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small-scale randomized clinical trials were conducted (12,13). The fi rst trial showed that 
pati ents were able to electronically design their own care plan, but there was no diff erence 
between interventi on and control groups in sati sfacti on with the care planning process, 
which was the primary outcome (12). The second trial reported that a Web-based support 
system encouraging pati ents to discuss their current status and treatment with their clinician 
resulted in pati ents being more verbally acti ve during health visits (13).
More evidence is needed to determine whether electronic decision aids are helpful in 
clinical practi ce and can lead to increased pati ent involvement and bett er outcomes. In 
additi on, more informati on is needed about what proporti on of pati ents are willing and able 
to work with Web-based decision aids and in what form (with or without assistance, using 
their own computer or a clinic computer). This paper reports on a randomized controlled 
trial and process evaluati on of a Web-based interventi on to facilitate shared decision 
making, with or without assistance, for people with psychoti c disorders. Our aim was to 
investi gate this interventi on in a naturalisti c setti  ng, meaning that all eligible pati ents were 
included to be able to determine how many of them would actually use the decision aid.
meTHods
ethical Considerati ons
Informed consent was obtained by research nurses. Pati ents were provided with an 
informati on brochure and they received a phone number and email address of a research 
assistant who they could contact for further informati on. The nati onal Dutch medical ethical 
committ ee for mental health care (Medisch-ethische Toetsingscommissie instellingen 
Geestelijke Gezondheidszorg; METiGG) assessed the study protocol and judged that the 
study could be conducted without the committ ee’s approval. The trial was registered at the 
Dutch Trial register (NTR; trial number 10340).
setti  ng and Parti cipants
The study was carried out in a Dutch mental health insti tuti on (Friesland Mental Health 
Care Service, city of Leeuwarden) with a catchment area of approximately 650,000 
inhabitants. Data were collected from June 2011 to July 2012. The trial was completed when 
all pati ents provided their last measurement. Pati ents were recruited from 2 outpati ent 
teams for psychosis: the early interventi on for psychosis team (a multi disciplinary team for 
the treatment of pati ents with a fi rst episode of psychosis) and a rehabilitati on team (a 
multi disciplinary team for pati ents with chronic schizophrenia). We used broad inclusion 
criteria. Parti cipants had to meet criteria for a non-aff ecti ve psychosis (brief psychoti c 
disorder, schizophreniform disorder, schizoaff ecti ve disorder, schizophrenia, or psychoti c 
disorder not otherwise specifi ed) as defi ned by the Diagnosti c and Stati sti cal Manual of 
Mental Disorders (Fourth Editi on, Text Revision) (DSM-IV-TR), be between age 21 and 65 
years, and be fl uent in Dutch. Parti cipati ng professionals were all clinicians involved in the 
care for those pati ents describe previously (psychiatrists, community psychiatric nurses, 
psychologists). Internet or computer literacy was not part of the inclusion criteria.
To calculate the sample size, we used the SPSS SamplePower soft ware program (IBM Corp, 
Armonk, NY, USA). Given an alpha of .05, a power of .80, and an eff ect size of .50 (based 
on results of a comparable study (3)), we needed n = 64 per group. Because we expected 
a considerable amount of dropout (50%) and we wanted to investi gate what proporti on of 
pati ents in the parti cipati ng teams would use the Web-based decision aid, we decided to 
include all eligible pati ents treated by the parti cipati ng teams.
study design
We conducted an open-label, 2-group, parallel, randomized, controlled trial with 
approximately the same number of pati ents in each group. Pati ents were allocated to 
either an interventi on group that was off ered a Web-based tool to support shared decision 
making or a control group that received care as usual. Randomizati on of pati ents was 
conducted by using the online Research Randomizer (www.randomizer.org). We used block 
randomizati on in blocks of 8 (numbers 1 to 4 were considered interventi on conditi on; 5 to 8 
control conditi on). A research assistant located at the mental health insti tuti on parti cipati ng 
in the study created a spreadsheet fi le listi ng all parti cipants in ascending order by research 
number. Another research assistant located at our research center added the randomizati on 
conditi ons to the spreadsheet, assigning parti cipants to the interventi ons.
Treatment Conditi ons
Control Conditi on
Pati ents in the control conditi on received care as usual, as described in the local disease 
management program for the treatment of people with psychosis. Treatment modules were 
initi ally chosen by a clinician in accordance with a treatment path that a pati ent entered 
based on the staging of the disorder (fi rst episode or stabilizing/rehabilitati on phase), 
clinician-rated scores on the Health of the Nati on Outcome Scale (HoNOS), and pati ent-
rated scores on the Camberwell Assessment of Need Short Appraisal Schedule (CANSAS-P). 
During a treatment plan meeti ng, clinicians informed pati ents about the indicated treatment 
modules and also discussed alternati ves. A fi nal decision was made in a process of shared 
decision making (which was not further specifi ed in the disease management program).
Interventi on Conditi on




RCT AND PROCESS EVALUATION | 
7
management program for the treatment of people with psychosis plus they were off ered 
the opportunity to make use of the Web-based informati on and decision tool (see online 
Multi media Appendix 1). This tool is meant to support pati ents in acquiring an overview 
of their care needs and of the treatment modules provided by their mental health care 
organizati on. The tool functi ons as a website consisti ng of 3 webpages and a home page. 
The home page briefl y explains the aim and procedure of the website. The fi rst webpage 
presents a questi onnaire about care needs based on items of the CANSAS-P (see Figure 
1). The second webpage off ers a digital catalog with descripti ons of treatment modules 
dynamically linked to the outcomes of the questi onnaire in the fi rst webpage (see Figure 2). 
For instance, a reported need for more informati on about symptoms and medicati on use 
was linked to informati on in a module about psychoeducati on, whereas a reported need 
on items about living a meaningful life and doubts about the future was linked to a module 
about loss and longing.
figure 1. Screenshot of the fi rst webpage with a questi onnaire (in Dutch) about care needs.
figure 2. Screenshot of the second webpage including a digital catalog with descripti ons of treatment 
modules.
In additi on to this selecti on of modules, pati ents also had the opportunity to view all 
available treatment modules irrespecti ve of the questi onnaire outcomes. The informati on 
about the available modules in the catalog included an overview of its content and durati on; 
a descripti on of problems/symptoms the treatment module is usually indicated for; names, 
functi ons, and pictures of clinicians involved; a short story by a pati ent who tells his/her 
experience with the treatment module (see Figure 3); and, if available, a brief interview 
with a clinician who tells about his/her experience with the treatment module (advantages, 
disadvantages, moti vati on to provide the treatment, etc). The third webpage presents a 
list of all treatment modules in a checkbox format. The content and design of this Web-
based tool was based on an earlier usability study and needs assessment (14). During the 
development process, the content of the tool was validated by clinicians and pati ents. This 
content was frozen during the trial.
figure 3. Screenshot of the second webpage with a short pati ent story.
Pati ents using the Web-based tool were asked to look through the treatment modules and 
choose the modules of their preference by ti cking the appropriate checkboxes. Pati ents 
could print the checkbox form and take it with them to their treatment plan evaluati on 
session to discuss with their clinician.
Pati ents were informed about the Web-based decision aid by research nurses during a 
biyearly appointment for routi ne outcome monitoring (ROM), and they were off ered an 
informati on brochure. Pati ents were given the opportunity to use the decision aid either 
on their own (at their home computer, or at a computer of the service) or with support 
of an assistant. Furthermore, an assistant was available by phone for help for 3 days a 
week. Pati ents received a log-in account by email or on paper from an assistant. No further 
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Procedure
Aft er randomizati on, baseline measurement took place during a biyearly face-to-face 
ROM session for all parti cipati ng pati ents. Parti cipati ng clinicians were asked to complete 
an atti  tude questi onnaire around the same ti me. Up to 6 weeks aft er the ROM session, 
pati ents in the interventi on conditi on had the opportunity to make use of the Web-based 
tool. Approximately 6 weeks aft er ROM, a meeti ng was planned between the pati ent and 
a key clinician in which ROM results were evaluated and a new treatment plan was created 
or an existi ng one was adjusted. Pati ents were sent a fi nal questi onnaire by mail. Upon 
returning the questi onnaire to our research center, they received a gift  certi fi cate worth 
€7.50. We deviated from the procedure described in the original research protocol in 1 
important aspect: we conducted 1 follow-up measurement instead of 2 because a second 
follow-up meeti ng appeared to be not feasible within the ti me limits.
measures
Baseline
Self-reported quality of life was measured with the Manchester Short Assessment of Quality 
of Life (MANSA) (15). Pati ents rate their sati sfacti on with life on diff erent life domains, in 16 
items on a 7-point Likert scale, ranging from very dissati sfi ed to very sati sfi ed. Higher scores 
indicate a bett er quality of life.
Psychosocial functi oning was measured with the HoNOS (16). Clinicians rate pati ents on 
12 domains on a 5-point severity scale ranging from no problem to severe or very severe 
problem. Lower scores indicate a bett er psychosocial functi oning.
Symptom severity was measured with the Positi ve and Negati ve Syndrome Scale (PANSS) 
(17). Clinicians rate pati ents during an interview on 7 items about positi ve symptoms, 7 
items about negati ve symptoms, and 16 items about general psychopathology on a 7-point 
Likert scale ranging from absent to extreme. Lower scores indicate less symptom severity.
Pati ents’ preference to parti cipate in medical decision making was measured by the 
decision-making preference subscale of the Autonomy Preference Index (API) (18). Pati ents 
rate their preference on a 6-item scale in which item scores range from completely disagree 
(score 0) to completely agree (score 100). A higher score indicates more preference for 
autonomy.
Outcome
The primary outcome measure was pati ent-perceived involvement in medical decisions 
measured with the pati ent-rated Combined Outcome Measure for Risk Communicati on 
and Treatment Decision-making Eff ecti veness (COMRADE) (19). The COMRADE consists of 2 
subscales, sati sfacti on with communicati on and confi dence in decision, comprising 20 items 
in total, scored on a 5-point scale. Higher scores indicate higher perceived involvement.
We used the pati ent-rated Client Sati sfacti on Questi onnaire (CSQ) (20) as a secondary 
outcome measurement. The CSQ used in this study consists of 9 items, scored on a 4-point 
scale. Higher scores indicate higher sati sfacti on. For the interventi on group, we added 6 
questi ons about sati sfacti on with the Web-based decision tool.
Analysis
Descripti ve stati sti cs were used to investi gate client characteristi cs. Baseline measures 
of both conditi ons were compared using unpaired t tests or chi-square tests. Diff erence 
between the interventi on and the control conditi on on the primary outcome measure was 
examined using a general linear model with adjustments for pati ent age and partner status 
(having a partner yes/no).
Process evaluati on
The interventi on described previously can be considered a complex interventi on because 
it consists of several components (use of new technology, implementati on in regular 
care, evaluati on) and is highly dependent on the context in which it is delivered. Complex 
interventi ons are interventi ons that contain various interacti ng components of which the 
whole is more than the sum of its parts (21,22). For these interventi ons, a randomized 
controlled trial needs to be supplemented by a process evaluati on to evaluate their eff ect. 
Process evaluati ons explore implementati on issues and contextual factors within the trial. 
They help to disti nguish between ineff ecti ve interventi ons (failure of interventi on) and badly 
delivered interventi ons (implementati on failure) (21).
The process evaluati on of this study consisted of
1. Open interviews with a sample of 15 pati ents who did and did not receive the allocated 
interventi on. An interview guide was created in accordance with the guidelines provided 
by Hennink et al (23). A verbati m transcript was created for each interview. Coding and 
analysis was performed with the ATLAS.ti  soft ware package.
2. Researcher observati on of clinicians discussing implementati on of the interventi on 
during clinical meeti ngs, which were recorded in a notebook by a research assistant. 
Themes of interest were identi fi ed by the research team and further discussed with the 
clinical teams when necessary.
3. A questi onnaire-based survey among clinicians consisti ng of 3 parts: 1. investi gati ng their 
atti  tude toward shared decision making and the use of a Web-based decision aid (based 
on Punter (24) and Holmes-Rovner et al (25) with internal consistency alpha =.85); 2. 
examining potenti al hampering factors for shared decision making (based on Charles et 
al (26)); and 3. exploring to what extent clinicians considered pati ents to be capable and 
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This process evaluati on provided data to shed light on how well the interventi on was 
implemented, to what extent the trial outcomes were related to the quality of the 
implementati on and the setti  ng in which it was implemented, and what processes might 
have mediated these relati ons.
ResulTs
Process evaluati on
In the process evaluati on, we collected data to answer 5 questi ons about potenti al problems 
related to implementati on and context.
The fi rst questi on was: Could the outcomes be aff ected by a negati ve atti  tude of clinicians 
toward shared decision making or the Web-based decision aid? In a questi onnaire-based 
survey, clinicians’ atti  tudes were investi gated. On a 5-point Likert scale ranging from 
completely disagree to completely agree, clinicians agreed or completely agreed with 4 
statements about shared decision making in general, and 9 statements about the use of a 
decision aid in decision-making processes. 
Table 1. Percentage of clinicians (completely) agreeing with statements about shared decision making 
and decision aids.
item Agree or completely 
agree, n (%)
A decision aid will cause pati ents to ask more questi ons than they would
 otherwise have asked 
84 (16/19)
A decision aid will cause pati ents to be more involved in decision making 
about treatment 
83 (15/18)
All eligible pati ents should be invited to use the decision aid 79 (15/19)
Knowing risks and benefi ts, most pati ents want to decide how acceptable 
treatment is to them
68 (13/19)
Pati ents using a decision aid will be much bett er informed 68 (13/19)
Pati ents should see a decision aid before a treatment decision is made 63 (12/19)
Pati ents usually want to be an equal partner with physicians in making 
important treatment decisions
53 (10/19)
With a decision aid, I will be able to reduce ti me spent educati ng pati ents 
about treatment
39 (7/18)
Most pati ents prefer the clinicians to take responsibility for their medical problems 21(4/19)
Using a decision aid will reduce the risk of malpracti ce 21 (4/19)
A decision aid will eliminate the need for third-party uti lizati on as second opinion 16 (3/19)
A decision aid may cause some pati ents to make the wrong choice 16 (3/19)
The majority of pati ents do not wish to be involved in decision making about 
their treatment
5 (1/19)
The mean total score on this scale was 3.52 (SD 0.49), meaning that most clinicians showed 
a positi ve atti  tude toward shared decision making and the use of decision aids. Table 1 
shows to what extent clinicians agreed or disagreed with the statements.
The second questi on was: Do clinicians think there are too many hampering factors to 
realize a process of shared decision making? In additi on, 18 clinicians reported that in 
processes of shared decision making, the following factors were oft en or almost always 
experienced as hampering decision making: pati ents receive contradictory advice from 
multi ple clinicians (12/18, 67%), pati ents have diffi  culty accepti ng their diagnosis (12/18, 
67%), and pati ents are indecisive (10/17, 59%). The following factors were reported as never 
or someti mes hampering: pati ents want to parti cipate to a greater degree than the clinician 
prefers (15/18, 83%), pati ents have other interfering health problems (15/18, 83%), lack of 
ti me (14/18, 78%), cultural diff erences (14/18, 78%), pati ents bring in too much informati on 
to discuss (13/18, 72%), pati ents ask for a treatment that is not evidence-based (12/17, 
71%), clinician has too litt le informati on to make a decision (12/17, 71%), pati ents do not 
understand the informati on (12/18, 67%), pati ents are too anxious or worried to listen to 
what the clinician has to say to them (11/18, 61%), and pati ents refuse treatment that could 
benefi t them (10/18, 56%).
The third questi on was: Could the outcomes be aff ected by the clinicians’ judgment about 
pati ents’ capabiliti es and interests? Clinicians were asked to what extent they considered 
pati ents to be capable and interested in shared decision making. Of the 128 pati ent 
observati ons, clinicians rated most pati ents as being able to understand the arguments 
presented, being capable of making reasonable decisions, and being interested in the topics 
discussed as well as in parti cipati ng in medical decision making. Pati ents who were rated 
by their clinicians as not capable of making decisions (score 1-3) had a signifi cantly lower 
score than pati ents rated as capable of making decisions on both subscales of the COMRADE 
(COMRADE sati sfacti on with communicati on: t
48
=–3.857, P = .000; COMRADE confi dence 
in decision: t
47
=–2.368, P = .02. This means that pati ents who perceived their involvement 
in medical decision making to be low were judged by clinicians to be less capable of 
parti cipati ng in decision making.
The fourth questi on was: Could any problems be observed with fulfi llment of the study 
protocol? Through researcher observati on, several recurring themes were identi fi ed during 
clinical meeti ngs in which the trial was discussed. Case managers someti mes were hesitant 
and felt troubled to invite interventi on pati ents to make use of the decision tool. First, 
they were doubtf ul whether pati ents were able to handle either the computer program or 
parti cipati on in a research trial. Second, they were not sure that pati ents would benefi t from 
the decision aid because not all treatment opti ons included in the decision aid were actually 
off ered by their organizati on (eg, music therapy was listed among the treatment opti ons, 
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additi on, various clinicians reported that they were unsure when to discuss outcomes of the 
decision aid with their pati ents because not all conducted a formal treatment evaluati on 
session with their pati ents following their ROM assessment. Some only discussed ROM 
results within the clinical team and not directly with pati ents.
The fi ft h questi on was: Did pati ents experience any problems with the interventi on that 
was not covered in the sati sfacti on questi onnaire? Open interviews among pati ents who 
chose to use or not use the website provided some additi onal details on the process. First, 
all pati ents were initi ally informed about the decision aid by an informati on booklet and in 
a meeti ng with a research nurse, but most of them received additi onal explanati on from 
their case manager. Some framed the decision aid predominantly within a research context 
(“by using the decision aid, you contribute to research”), whereas others described it as an 
att empt to improve services (“using the decision aid might help you refl ect on the treatment 
you want”). This might have aff ected pati ents’ expectati ons of the interventi on. Moreover, 
interviews revealed discrepancies between the policy of the local disease management 
program and pati ents’ experiences in clinical practi ce. Most of the interviewed pati ents 
could not remember their ROM results being discussed with them and some could not 
remember whether a treatment plan was created.
Allocati on and Recepti on of interventi on
A total of 250 pati ents (n=124 interventi on vs n=126 control) were included in the trial of 
whom 73 completed the follow-up measurement and were included in the fi nal analysis 
(response rate 29.2%). Of these 73 pati ents, 40 were in the interventi on and 33 in the control 
conditi on. Of the 40 pati ents in the interventi on conditi on who completed the follow-up 
measurement, 30 used the decision aid. A detailed overview of the fl ow of parti cipants is 
presented in Figure 4.
demographic Variables and Baseline data
Demographic variables and baseline data of pati ents included in the analysis are presented 
in Table 2. Pati ents in the 2 conditi ons did not diff er in age, Global Assessment of Functi oning 
(GAF), MANSA, HoNOS, PANSS, API, level of educati on, whether they had a job or were 
studying, and whether or not they used anti psychoti cs. However, in the interventi on group 
were fewer females (P =.01 and fewer pati ents with a partner (P =.01).
Table 2. Demographic variables and baseline data of study parti cipants.
Variable interventi on (n = 40) Control (n= 33) Pa
Age (years), mean (SD) 37 (12.35) 40 (13.47) .35
Sex (female), n (%) 13 (32.5) 21 (63.6) .01
Educati on (≥ 12 years) 10 (n=12) 10 (n=12) .99
Job or study, n (%) 13 (33; n=39) 16 (48) .23
Partner, n (%) 9 (23; n=39) 18 (55) .01
Use of anti psychoti cs, n (%) 29 (73) 22 (67) .60
Test, mean (sd)b
GAF 61.8 (9.08; n=39) 57.4 (10.91) .06
MANSA 60.7 (9.50; n=34) 62.3 (13.26; n=25) .58
HoNOS 7.7 (4.75; n=34) 8.4 (4.32; n=25) .53
PANSS total score 13.3 (5.24; n=36) 15.4 (5.51; n=27) .13
API 55.7 (12.72; n=36) 52.7 (12.96; n=26) .38
Number of pati ents from the fi rst 
episode of psychosis team within 
conditi on n (%)
16 (40) 13 (39.4) .99
a Using Fisher exact test or t test.
b GAF: Global Assessment of Functi oning; MANSA: Manchester Short Assessment of Quality of Life; HoNOS: 
Health of the Nati on Outcome Scales; PANSS: Positi ve and Negati ve Syndrome Scale; API: Autonomy Preference 
Index.
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The pati ents who dropped out of the study and did not complete the follow-up measurement 
were slightly younger (t
213
=–2.129, P = .03) and were more oft en men (χ2
1
=5.6 P=.018) than 
the pati ents who did complete the outcome measurement. They did not diff er on any of 
the other baseline characteristi cs. Pati ents in the interventi on conditi on who received the 
allocated interventi on versus those who did not receive the interventi on did not diff er on all 
baseline characteristi cs.
Pati ent involvement in Treatment Planning and Their sati sfacti on with Care
Intenti on-to-treat analyses showed that pati ents in the interventi on conditi on did not diff er 
from pati ents in the control conditi on in their perceived involvement in medical decision 
making (COMRADE) aft er they had used the Web-based decision aid (COMRADE sati sfacti on 
with communicati on: F
1,68
 = 0.422, P = .512 COMRADE confi dence in decision: F
1,67
= 0.086, P 
= .77; see also Table 3). This was the primary outcome measure. Pati ents also did not diff er 
in self-reported sati sfacti on with care (CSQ) (F
1,70
 = 0.014, P = .905).
Table 3. Primary outcome data of pati ents’ perceived involvement in medical decision making at 
the end of the study using the Combined Outcome Measure for Risk Communicati on and Treatment 
Decision-making Eff ecti veness (COMRADE) test.
ComRAde subscalea interventi on, mean (sd) Control, mean (sd) F (df) P
Sati sfacti on with 
communicati on (n = 73)
38.25 (1.06 37.19 (1.165) 0.422 (1,68 ) .52
Confi dence in decision (n = 70) 38.78 (1.17) 38.72 (1.307) 0.086 (1,67 ) .77
a Group diff erences were analyzed using a general linear model with age and partner status as covariates.
Per protocol analyses also showed that pati ents in the interventi on conditi on who received 
the allocated interventi on and completed the follow-up measure (n=29) did not diff er 
regarding their perceived involvement in medical decision making and in sati sfacti on 
with care from pati ents in the control conditi on (n=33) (COMRADE sati sfacti on with 
communicati on: F
1,59
 = 0.155, P = .70; COMRADE confi dence in decision: F
1,58
 = 0.413, 
P = .52; CSQ: F
1,60
= 0.789, P = .378).
In an additi onal analysis, pati ents in the interventi on conditi on who received the allocated 
interventi on (n=29) were compared to pati ents in the interventi on conditi on who did not 
receive the allocated interventi on (n=10). No diff erences were found for pati ents’ perceived 
involvement in medical decision making (COMRADE sati sfacti on with communicati on: 
F
1,36
=0.642, P=.43; COMRADE confi dence in decision: F
1,36
=2.310, P=.14). Pati ents did, 
however, diff er on the secondary outcome self-reported sati sfacti on with care (F
1,37
 = 6.306, 
P=.017). Pati ents who received the allocated interventi on were less sati sfi ed than pati ents 
who did not.
use of and sati sfacti on with the web-Based decision Aid
Of the 48 pati ents who used the Web-based decision aid, 12 used their own computer, 
12 used the computer at the clinic, and 6 used a computer elsewhere. Furthermore, 13 
used the decision aid independently, 16 received assistance from a professional (oft en their 
case manager), and 1 received assistance from someone else. First-episode pati ents used 
their own computer and used the decision aid without assistance more oft en than chronic 
pati ents did. Of the 48 pati ents who used the website, 34 (71%) used full functi onality of 
the Web-based decision aid, meaning that pati ents completed the care needs assessment 
(fi rst webpage of the website) and looked through the digital catalog with descripti ons of 
treatment modules (second webpage of the website). More than half of them were long-
term care pati ents (27/48, 56%).
In the interventi on conditi on, 29 of 48 pati ents who used the decision aid (60%) completed 
questi ons about their sati sfacti on with the decision aid. They agreed or completely agreed 
with the following statements: “I have been well informed about the treatment opti ons 
off ered by Friesland Mental Health Care Service by the decision aid” (22/29, 76%), “The 
advice presented by the decision aid has helped me to refl ect on what I want” (22/29, 76%), 
“The decision aid was easy to use” (20/28, 71%), “I would recommend the decision aid to 
others” (20/27, 74%) and “The decision aid helped me to get a clearer view on what my 
problem areas or points of interest are” (17/28, 61%). Pati ents were divided on whether 
the decision aid helped them to bett er prepare the evaluati on meeti ng with their clinicians, 
44% (12/27) said it did help; 56% (15/27) were neutral or said it did not help). Means and 
standard deviati ons can be found in Table 4.
Table 4. Secondary outcome data of pati ents’ sati sfacti on with the Web-based decision aid.
Questi on mean (sd)a
I have been well informed about the treatment opti ons off ered by the GGZ Friesland by the 
decision aid (n=29) 
3.93 (0.84)
The advice presented by the decision aid has helped me to refl ect on what I want (n=29) 3.86 (0.79)
As a consequence of using the decision aid, I was bett er prepared for the evaluati on 
meeti ng with my clinician (n=27) 
3.33 (0.78)
The decision aid helped me to get a clearer view on what my problem areas or points of 
interest are (n=28) 
3.61 (0.92)
The decision aid was easy to use (n=28) 3.79 (1.07)
I would recommend the decision aid to others (n=27) 3.89 (0.75)








In this study, we report on a clinical trial and process evaluati on of a Web-based interventi on 
to facilitate shared decision making for people with psychoti c disorders.
To be able to explore potenti al implementati on issues and contextual problems within 
the trial, we conducted a process evaluati on. This evaluati on showed that no signifi cant 
problems could be observed in the atti  tude and beliefs of clinicians. Parti cipati ng clinicians 
had an overall positi ve atti  tude toward shared decision making. They reported that their 
pati ents were generally interested in and capable of parti cipati ng in medical decision 
making, they considered pati ent decision aids be to potenti ally helpful, and they judged 
relati vely few factors to be hampering in a shared decision-making process. However, 
problems were observed in the implementati on of the interventi on. Not all pati ents in the 
interventi on group were actually off ered the possibility to use the decision aid and, more 
importantly, ROM and treatment evaluati on meeti ngs in which the treatment plan was to 
be discussed in a process of shared decision making did not always take place. Moreover, 
interviews indicate that the Web-based interventi on might have been framed diff erently to 
diff erent pati ents, which may have shaped their expectati ons and aff ected their evaluati on. 
An interesti ng fi nding in the process evaluati on was that pati ents who perceived their 
involvement in medical decision making as low were judged by clinicians to be less capable 
of parti cipati ng in decision making. This could imply that pati ents parti cipate less because 
they are less capable. Nevertheless, we cannot rule out that pati ents parti cipate less because 
clinicians consider them less capable and, therefore, provide less opportuniti es for pati ents 
to parti cipate in decision making.
The fi ndings of our trial show that more than one-third of the pati ents who were provided 
access to the Web-based decision aid chose to use it and most used full functi onality of 
the decision aid whether they were fi rst-episode pati ents or long-term pati ents. Users and 
nonusers did not diff er in demographic variables. At least one-quarter of the pati ents used 
their own computer and a similar proporti on used the decision aid without assistance. Most 
of these were fi rst-episode pati ents. On average, users of the decision aid reported to be 
rather sati sfi ed with the system. Nevertheless, primary outcome results could not support 
the assumpti on that the use of electronic decision aids increases pati ent involvement in 
medical decision making, neither in intenti on-to-treat analyses nor in per protocol analyses. 
In additi on, we did not fi nd a diff erence in self-reported sati sfacti on with care between 
pati ents who had the opportunity to use the decision aid versus those who did not.
Our outcomes are in-line with the study by Woltmann et al (12) who found no diff erence 
in pati ent sati sfacti on between interventi on and control group. However, they contradict 
the fi ndings by Hamann et al (3) and Steinwachs et al (13) who found a positi ve eff ect of 
decision aids on pati ents’ involvement in consultati ons with their clinicians. This discrepancy 
can be explained by several reasons. First, the decision aids used in these trials diff ered 
in format (Hamann et al (3) used a printed decision aid) and content. Some decision aids 
primarily concentrated on pharmacological informati on, whereas others had a broader 
focus. Second, setti  ngs were diff erent. In our study, pati ents could use the decision aid 
either in the clinic or at home, with or without assistance, whereas in the trial by Hamann et 
al (3), pati ents used the decision aid in a psychiatric ward with assistance of trained nurses. 
The setti  ng in the study by Steinwachs et al (13) was not described. Third, our response 
rate was very low. This is partly because of the naturalisti c setti  ng of our study. However, 
response rates are highly dependent on selecti on criteria used in studies. For example, if 
Steinwachs et al (13) included all eligible pati ents (eg, not excluding pati ents who were 
considered unsuitable by their clinician), their response rate would have been comparable. 
Fourth, the outcome measures used in our study might have been too unspecifi c, indirect, 
or insensiti ve to detect diff erences in a small sample. The COMRADE measures pati ents’ 
perceived involvement in medical decision making with a self-report questi onnaire that is 
completed retrospecti vely. What actually happens during the conversati on between pati ent 
and clinician remains a black box. Furthermore, research has shown that rati ngs on pati ent 
sati sfacti on questi onnaires tend to be more opti misti c than pati ents’ actual evaluati ons 
(27,28), implying that there may be less diff erenti ati on in the response behavior. Finally, 
discrepancies could, but are not likely to, be explained by lack of need for shared decision 
making in our pati ent sample. Pati ents’ mean score on the API, which indicates their 
preference for parti cipati on in medical decision making, was comparable to or even slightly 
higher than previous studies in people with schizophrenia (2,3,29).
strenghts and limitati ons
Given the problems observed in the process evaluati on, the interventi on designed for our 
study appeared not to fi t in opti mally with the routi ne practi ce of the parti cipati ng clinical 
care teams. Therefore, the lack of signifi cant eff ects on our outcome measures cannot 
be solely att ributed to failures intrinsic to the interventi on. Future studies might benefi t 
from a stronger integrati on of shared decision-making interventi ons in clinical practi ce by 
training clinical teams in using (output) from decision aids. A comprehensive overview of 
the working fl ow of pati ents and clinicians is crucial to realize this integrati on. Given the 
low response rate and moderate parti cipati on rate in this study, it may also be desirable 
to investi gate effi  cacy of decision aids in a less naturalisti c setti  ng in which parti cipati ng 
pati ents are selected more strictly and required to use the decision aid before performing a 
naturalisti c study. In additi on, special att enti on should be paid to the selecti on of outcome 
measures used to assess the shared decision-making process. Instruments focusing on 
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too broad and indirect to detect changes in the decision-making process. A bett er alternati ve 
is to record conversati ons between clinicians and pati ents and observe what is actually 
happening within that conversati on. A promising instrument for this may be the recently 
developed Mappin’SDM (30), which combines pati ent, clinician, and observer perspecti ves. 
It is also important to note that using Web-based decision aids or support systems does not 
need to be a desirable target for all pati ents. Although some may benefi t from new tools, 
others might not. It would be most helpful to know what works for whom.
The main limitati on of this study is the weak implementati on of the study protocol; as a 
result, it is diffi  cult to draw fi rm conclusions about the study’s outcomes. We tried to prevent 
this by preparing the parti cipati ng teams before the start of the trial and keeping closely 
in touch during the trial (eg, being present at clinical meeti ngs, functi oning as helpdesk, 
sending individual emails to parti cipati ng clinicians as reminders of specifi c acti ons). Another 
important limitati on is the large numbers of dropouts before the follow-up measurement, 
even though pati ents were off ered a small gift  for returning their completed questi onnaire.
Our study also has strengths. Most importantly, it affi  rms previous fi ndings that many 
people with a severe mental illness can work with electronic decision aids, either with 
or without assistance, at the clinic or at home. Furthermore, our study provides insight 
in variati on among the populati on concerning interest in and use of electronic decision 
aids. Our results suggest that part of the populati on is not able or does not feel the need 
to work with these decision aids. Based on our results, the rati o of users versus nonusers 
could be 50-50. Another strength is that we collected detailed informati on about allocati on 
and recepti on of the interventi on with varying illness durati ons, and we included a process 
evaluati on that allowed us to perform a criti cal analysis on the trial results.
Conclusion
The development of electronic decision aids to facilitate shared medical decision making 
is encouraged and many people with a psychoti c disorder can work with them. This holds 
for both fi rst-episode pati ents and long-term care pati ents, although the latt er group might 
need more assistance. However, eff ects of decision aids on pati ent parti cipati on in medical 
decision making have not been consistently demonstrated.
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ABsTRACT
Past studies reporti ng on the eff ects of computer games on mental health have focused 
mainly on the negati ve aspects of playing games. Recently, there has been an increasing 
recogniti on of the positi ve potenti al of game playing in health care, due to the rise of so-
called ‘serious gaming’. We conducted a systemati c review of computerized serious gaming 
interventi ons for mental health problems. Although the evidence base is sti ll thin, policy 
makers should be aware of the rise of these interventi ons as they create opportuniti es for 
mental health care services to adopt an innovati ve approach to traditi onal forms of therapy.
inTRoduCTion
Past studies reporti ng on the eff ects of computer games on mental health have focused 
mainly on the potenti al negati ve aspects of playing games. Much att enti on has been paid 
to the associati ons between game playing and aggressive behavior, whether confi rming 
these associati ons (e.g. (1-3)) or debunking them (e.g.(4-7)). Excessive game playing has 
been associated with addicti on, (6,8) which culminated in the suggesti on to include gaming 
addicti on as an addicti ve disorder in the fi ft h editi on of the Diagnosti c and Stati sti cal Manual 
of Mental Disorders (DSM-V) (9). Concerns have been raised about eff ects of gaming on 
physical health, such as headaches and sleep deprivati on, and psycho-social functi oning 
(10). However, in the last few years, there has been an increasing recogniti on of the positi ve 
potenti al of game playing in health care, due to the rise of so-called ‘serious gaming’. 
Serious games are games that are used for a ‘serious’ purpose. They combine gaming 
elements with educati on, training, or marketi ng (11). Serious games have a long traditi on 
in the army, where they were used for skills training in war situati ons (11). Nowadays, 
serious games have made their entry into health care (12,13). Due to their immersive and 
entertaining character, games are considered an excellent means to foster moti vati on 
for treatment and to enhance cogniti ve processes, across diff erent age groups (14,15). 
Moreover, games are believed to create a relati vely risk-free environment in which players 
can experiment and practi ce, and they are said to provide instant feedback and sti mulate 
peer teaching and competi ti on in a playful manner (15). 
Two narrati ve reviews have been published about the use of serious games in mental 
health care (16,17). These reviews describe examples of oﬄ  ine and online games for 
several mental health disorders and discuss their use in a psychotherapeuti c setti  ng with 
children. Furthermore, several reviews (18-24) and one meta-analysis (25) about the use 
of virtual reality in the treatment of mental disorders have been published. However, no 
comprehensive systemati c review has been published about gaming interventi ons for 
mental health. Therefore, we conducted a systemati c review and present a comprehensive 




We conducted a systemati c literature search of the following databases, up to March 22nd 
2012: MEDLINE, PsychINFO, and CINAHL, using the search terms ‘serious gam*,’ ‘edugame,’ 
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crossed with the terms ‘treatment,’ ‘interventi on,’ ‘therap*,’ ‘promoti on,’ ‘adherence,’ and 
‘mental’ in free text words and MESH terms. The search criteria was the presence of search 
terms in ti tle or abstract. The search included references in all languages to avoid a language 
bias, and both published and unpublished studies were searched in order to achieve a 
representati ve sample of the available data (26). We included only randomized controlled 
trials. The full search strategy is available from the corresponding author on request.
study selecti on 
A study protocol was established before study selecti on (see online Appendix A). It was 
tested by three reviewers on a sample of ten studies and refi ned accordingly. A serious game 
was defi ned as “an interacti ve digital applicati on that uses computer game and simulati on 
approaches and/or gaming technologies, intended as an interventi on to educate, train, or 
treat people with mental problems, while it moti vates engagement.” Studies were included 
when they met the following criteria:
1 The interventi on investi gated was a game: the word ‘game’, ‘gaming’ or the name 
of a game was used to describe the interventi on, or the interventi on made use of 
simulati on approaches or gaming technology.
2 The game under investi gati on studied the eff ect of treatment of psychopathology or 
psychosocial problems. 
3 Study subjects were persons with mental health problems of any age group, with 
either a psychiatric diagnosis included in the DSM-IV, or an elevated score on a rati ng 
scale measuring mental problems.
4 Studies had to have a control group consisti ng of subjects with mental health 
problems (no healthy controls) who received care as usual or a placebo, or were 
placed on a waiti ng list.
5 Studies had to present empirical data, resulti ng from a randomized controlled trial.
6 The sample size of both interventi on and control conditi on at the point of data analysis 
needed to be at least 10, as to exclude usability studies.
7 Studies had to present original data (e.g. reviews were excluded).
Studies were identi fi ed and selected by two reviewers independently. In case of disagreement 
between reviewers, diff erences were discussed with a third reviewer unti l consensus was 
reached. The decision was made that a meta-analysis would be performed on outcome 
variables for which at least three studies were identi fi ed. 
data extracti on and synthesis
We developed a data extracti on sheet and tested it on 5 studies. Data were extracted by 
one reviewer and a random check was conducted by a second reviewer. When additi onal 
informati on about a study was needed, we contacted the corresponding authors. If no 
response was received, a reminder was sent aft er 3 weeks. Aft er at least two failed att empts, 
we excluded the study from eff ect size analysis. 
We synthesized data from the included studies fi rst of all qualitati vely, by interpretati ve 
comparison in tabular and narrati ve format. In additi on, we explored systemati c quanti tati ve 
eff ects by conducti ng a meta-analysis of studies comparing a gaming interventi on with care 
as usual, that could be grouped into clusters that were large enough to allow for a meta-
analysis. For the meta-analyses, we calculated eff ect sizes using Hedges’s g coeffi  cient, 
which is a standardized mean diff erence (d), multi plied by a correcti on factor (J; J = 1-(3/
(4*df-1)), where df = df Ntotal-2. Positi ve values indicate that the interventi on conditi on 
improved more than the control conditi on. The magnitude of Hedges’ g may be interpreted 
using Cohen’s interpretati on of small (.2), medium (.5), and large (.8). To calculate standard 
errors and confi dence intervals of the eff ect sizes, a correlati on between pre test scores and 
post test scores (ρ) is needed. Since most of the studies did not provide this correlati on, we 
used an esti mati on of .4. We replicated the procedure with an esti mati on of .2 and .6 and 
found comparable results. 
The outcome used for the eff ect size calculati on was the outcome indicated as primary 
outcome of the study. In studies that used multi ple primary outcome measures or in studies 
that did not disti nguish between primary and secondary measures, we selected an outcome 
measure that (a) best answered the research questi on (i.e. an outcome measure that 
assesses the main problems related to the diagnosis), and then (b) the measure that was 
most frequently used in the studies included. This decision was made a priori, it was not 
based on the results of that study. 
In case of assessments at multi ple ti me points, we selected the fi rst assessment aft er the 
end of the interventi on. When subscale rati ngs of an outcome measure were presented, we 
calculated the eff ect size on the total score of that measure, provided that a total score existed 
as a meaningful rati ng. The Random Eff ects model was chosen because of heterogeneity 
between research designs. Eff ect size calculati ons were standardized by the change score 
standard deviati ons. All analyses were performed with the program Comprehensive Meta-
Analysis version 2 (Biostat, Englewood, New Jersey).
ResulTs
A fl ow diagram of the literature search is presented in Figure 1. Inter-rater reliability of the 
studies was κ = .54 for abstract selecti on and κ = .83 for full-text selecti on, which can be 
considered moderate and very good respecti vely. The search identi fi ed a total of 33 studies, 
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and one in French. One study was a dissertati on (27), two were book chapters (28,29); the 
remaining studies were published and peer-reviewed journal arti cles. Mean durati on of the 
interventi on was about 8 weeks, with a range of 1 day to 7 months. For 12 studies, long 
term follow-up data was available. The included studies involved 2031 subjects in total and 
a range of n = 20 to n = 211 in individual studies. Most subjects were adults; nine studies 
included children (< 18 years). All studies included at least one outcome measures assessing 
symptomatology. Ten studies indicated a primary outcome measure. The remaining studies 
included multi ple outcome measures (up to 8), without disti nguishing between primary 
and secondary measures. Characteristi cs and key outcomes of the included studies are 
presented in Table 1 (more details are provided in an extended table in online Appendix B). 
A list of excluded studies and reasons for exclusion can be found in Appendix C.
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Table 1. Characteristi cs and key results of the included studies
first author, year number of 
pati ents enrolleda
diagnosis study design interventi on 
conditi onb
Control conditi onc Primary outcome measure Key resultsd
Albin, 2009 Total: 40; Tx: 20; 
C: 20








VR-based exposure Flight Anxiety Modality Questi onnaire (FAM) No diff erence between conditi ons; both 
conditi ons improved.
Banos et al., 2011 Total: 50; Tx:25; 
C: 25
Post-traumati c stress 
disorder (PTSD; n=10), 





VR-based CBT CAU (in vivo 
exposure)
Fear and Avoidance Scales (FAS); Beck 
Depression Inventory (BDI); Positi ve and 
Negati ve Aff ect Scales (PANAS); intensity and 
severity of emoti ons with Visual Analogic Scales 
(VAS); Maladjustment Scale (MS); Interference/
Severity Scale assessed by the therapist
On all measures, both conditi ons 
improved. On BDI scores, the 
interventi on conditi on improved more 
than the control conditi on. 
Beaumont and 
sofronoﬀ , 2008
Total: 49; Tx:26; 
C:23
Asperger syndrome 2-group pre-post 
RCT
Junior detecti ve 
training program 
consisti ng of a 
computer game, 
group sessions, parent 
training sessions, 
teacher handouts
Waiti ng list Social skills (Social Skills Questi onnaire 
(SSQ), Emoti on Regulati on and Social Skills 
Questi onnaire (ERSSQ); Emoti on recogniti on 
(Assessment of Percepti on of Emoti on from 
Facial Expression, Assessment of Percepti on 
of Emoti on from Posture Cues); Knowledge of 
emoti on management (James and the Maths 
Test, Dylan is Being Teased)
On social skills and emoti on regulati on 
(SSQ and ERSSQ), and knowledge of 
emoti on management, the interventi on 
conditi on improved, while the control 
conditi on did not. On Emoti on 
recogniti on both conditi ons improved. 
Improvement on social skills (SSQ and 
ERSSQ) were maintained at 6 weeks and 
5 months. Improvements on emoti on 
regulati on and knowledge of emoti on 
management were not maintained.
Botella et al., 2007 Total: 37; Tx: 12; 
C1: 12; C2: 13
Panic disorder with 
agoraphobia (82,9%), 




VR-based exposure C1: CAU (in vivo 
exposure); C2: 
waiti ng list
Fear and Avoidance Scales (FAS); Panic Att ack 
record; Panic Disorder Severity Scale (PDSS); 
Anxiety Sensiti vity Index (ASI); Agoraphobia 
Subscale of the Fear Questi onnaire (FQ); Beck 
Depression Inventory (BDI); Maladjustment Scale 
(MS); Clinician Global Impression (CGI)
Both the interventi on conditi on 
and the CAU conditi on improved on 
all measures, while the waiti ng list 
conditi on did not improve. 
Improvement was maintained or 
increased at 12 months.
Chan et al., 2010 Total: 29; Tx: 14; 
C: 15
Schizophrenia 2-group pre-post 
RCT
VR for cogniti ve 
training
CAU (not specifi ed) The neurobehavioral cogniti ve status 
examinati on (Cognistat)
The interventi on conditi on improved 
in overall cogniti ve functi on and in 
two cogniti ve subscales (repeti ti on, 
memory), while the control conditi on 
did not. 
Cho et al., 2002 Total: 50; Tx1: 10; 
Tx2: 10; Placebo1: 
10; Placebo2: 10; 
C: 10
ADHD symptoms 5-group RCT Tx1: VR and EEG 
biofeedback training; 
Tx2: VR and EEG 
biofeedback training 
plus cogniti ve training
Placebo1: computer 
monitor and EEG 
biofeedback training; 
Placebo2: computer 
monitor and EEG 
biofeedback training 
plus cogniti ve task; C: 
no interventi on
Conti nuous Performance Task (CPT) The interventi on conditi ons and the 
placebo conditi ons improved, while 
the control conditi on did not. The 
interventi on conditi ons improved more 
than the placebo conditi ons. 
Choi and medelia, 
2010
Total: 72; Tx: 29; 
C1: 28; C2: 15 
Schizophrenia or 
schizo-aff ecti ve 
disorder
2-group pre-




Cogniti ve training in 
moti vati onal gaming 
format
C1: cogniti ve training 
in gaming format; C2: 
no interventi on
Att enti on (Conti nuous Performance Test-
Identi cal Pairs Version; CPT-IP); Intrinsic 
moti vati on (Intrinsic Moti vati on Inventory; IMI); 
Perceived competency (Perceived Competency 
Scale; PCS); Treatment self-regulati on (TSRQ); 
Arithmeti c learning; Symptoms (Brief Psychiatric 
Rati ng Scale; BPRS)
The interventi on conditi on improved in 
Arithmeti c learning, Intrinsic moti vati on, 
Perceived competency and the false 
positi ves of the CPT, while both control 
conditi ons did not. On the other 
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first author, year number of 
pati ents enrolleda
diagnosis study design interventi on 
conditi onb
Control conditi onc Primary outcome measure Key resultsd
Choi et al., 2005 Total: 40; Tx: 20; 
C: 20




Cogniti ve Behavioral 
Therapy plus 30 mins 
VR
CAU (cogniti ve 
behavioral therapy)
Beck Depression Inventory (BDI); Spielberger 
State-Trait Anxiety Inventory (STAI); Anxiety 
Sensiti vity Index (ASI); Agoraphobic Cogniti on 
Questi onnaire (ACQ); Body Sensati on 
Questi onnaire (BSQ); Panic Belief Questi onnaire 
(PBQ); Medicati on disconti nuati on; high state-
end functi oning (HES) (zero panic att acks during 
assessment period and score of 2 or less on the 
Anxiety Disorders Interview Schedule-Revised)
The interventi on conditi on improved 
more on the PBQ than the control 
conditi on. On all other self-report 
measures, both conditi ons improved. On 
medicati on conti nuati on and HES, there 
were no diff erences.
Follow-up data was only collected for 
medicati on disconti nuati on and HES. 
No diff erences were found in high-state 
functi oning, but the control conditi on 
did bett er in medicati on disconti nuati on 
at 6 months.
emmelkamp et al., 
2002
Total: 38 Acrophobia 2-group pre-post 
RCT + follow-up 
aft er 6 months
VR-based CBT CAU (cogniti ve 
behavioral therapy)
Acrophobia Questi onnaire (AQ); Atti  tude 
Towards Heights Questi onnaire (ATHQ); 
Behavioral Avoidance Test (BAT)
Both groups improved on all measures.
Results were maintained at 6 months.
fernandez-Calvo et al., 
2011)
Total: 45; Tx: 15; 
C1: 15; C2: 15 
Alzheimer 3-group pre-post 
RCT
Computerized 
cogniti ve training 
programme (Big Brain 
Academy; EABB)
C1: CAU (paper 
and pencil-based 
cogniti ve training 
programme) (EAPI); 
C2: Waiti ng list 
(EANT)
Alzheimer’s Disease Assessment Scale-cogniti ve 
(ADAS-Cog); (Neuropsychiatric Inventory 
Questi onnaire (NPI-Q); Cornell Depession Scale 
(Scala de depresion de Cornell, EDC); Rapid 
Disability Rati ng Scale (RDRS-2)
The interventi on conditi on and the 
fi rst control conditi on (EAPI) improved 
more on cogniti ve decline (ADAS-cog) 
and depression (EDC) than the second 
control conditi on (EANT; Waiti ng list); 
the interventi on conditi on improved 
more than the fi rst control conditi on 
on both measures. The interventi on 
conditi on improved more than the 
waiti ng list conditi on on dementi a 
(NPI-Q). There were no diff erences on 
the disability scale.
Garcia-Palacios et al., 
2002
Total: 23; Tx: 12; 
C:11
Fear of spiders 2-group pre-post 
RCT
VR-exposure group Waiti ng list Fear of spiders questi onnaire; Behavioural 
Avoidance Test (BAT); independent assessor 
rati ng of phobic severity; Clinician rati ng 
of phobia severity, clinically signifi cant 
improvement
The interventi on conditi on improved 
more than the control conditi on on 
all measures. 83% of parti cipants in 
interventi on conditi on achieved a clinical 
signifi cant improvement, while 0% in the 
control conditi on.
Jimenez and Rojas, 
2008
Total: 62; Tx: 32; 
C: 30
Dyslexia 2-group pre-post 
RCT
Video game with 
phonological exercises
CAU (Conventi onal 
instructi on)
Sicole-R Multi media Batt ery for the assessment 
of cogniti ve processes in reading
The interventi on conditi on improved 
more than the control on phonological 
awareness and word recogniti on.






projecti on on 4 walls
Waiti ng list Behavioral Avoidance Test (BAT); Acrophobia 
Questi onnaire-anxiety/avoidance (AQ); Atti  tude 
Towards Height Questi onnaire (ATHQ)
The interventi on conditi ons (Tx1 and 
Tx2) improved more than the control 
conditi on on all measures. There were 
no diff erences between the interventi on 
conditi ons (Tx1 and Tx2).
Results were maintained at 6 months.
Krijn et al., 2007 Total: 86 Fear of fl ying 3-group pre-post 
RCT
Tx1: VR-exposure + 
self-help book; Tx2: 
Cogniti ve Behavioral 
Therapy + self-help 
book
Self-help book Flight Anxiety Situati ons Questi onnaire (FAS); 
Flight Anxiety Modality Questi onnaire (FAM)
There was no diff erence between the 
interventi on conditi ons (Tx1 and Tx2) on 
outcome measures; both improved more 
than the control conditi on on outcome 
measures. 
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first author, year number of 
pati ents enrolleda
diagnosis study design interventi on 
conditi onb
Control conditi onc Primary outcome measure Key resultsd
légeron et al., 2003 Total: 36; Tx: 18; 
C: 18
Social phobia 2-group pre-post 
RCT
VR-exposure CAU (cogniti ve 
behavioral therapy)
Liebowitz Social Anxiety Scale (LSAS) The interventi on conditi on had a larger 
reducti on of anxiety than the control 
conditi on.
maltby et al., 2002 Total: 45 Fear of fl ying 2-group pre-post 
RCT
VR-exposure Placebo (att enti on) Flight Anxiety Situati ons Questi onnaire (FAS), 
subscales In-Flight, Anti cipatory, Generalized; 
Flight Anxiety Modality Questi onnaire (FAM); 
subscales Somati c, Cogniti ve; test fl ight; 
subjecti ve units of discomfort (SUDs)
The interventi on conditi on improved 
more than the control conditi on on 
FAS-In-Flight, FAS-Anti cipatory, FAM-
Somati c and FAM-Cogniti ve. There was 
no diff erence on FAS-generalized, on test 
fl ights or on SUDs
At 6 months, signifi cant diff erences 
between conditi ons were maintained 
only on FAM-Cogniti ve anxiety.
manzoni et al., 2009 Total: 60; Tx: 20; 
C1: 20; C2: 20




VR-based relaxati on 
training
C1: CAU (standard 
relaxati on training); 
C2: hospital care
Beck Depression Inventory (BDI); Weight Effi  cacy 
Life-Style Questi onnaire (WELSQ)
The interventi on conditi on and CAU, but 
not the C2 conditi on, improved on the 
BDI and WELSQ.
margalit et al., 1991 Total: 87; Tx: 46; 
C: 41
Mental retardati on 2-group pre-post 
RCT
Computerized and 





writi ng instructi on)
Social Skills Rati ng Scales (SSRS); Classroom 
Behavior Inventory (CBI); Aggressive Behavior 
Scale (ABS)
The interventi on conditi on improved 
more than the control conditi on on 
classroom behavior, aggressive behavior 
and some social skills.






Fantasy game based 





Children’s Depression Rati ng Scale (CDRS) Both conditi ons improved; there were 
no diff erences between depression 
scores, but remission rates were higher 
in the interventi on conditi on
Results were maintained at 3 months.
michaliszyn et al., 2010 Total: 36 Fear of spiders 3-group pre-post 
RCT
VR-exposure C1: CAU (in vivo 
exposure); C2: 
waiti ng list
Fear of Spiders Questi onnaire (FSQ); Spider 
Beliefs Questi onnaire (SBQ; subscales behavior/
beliefs); Behavioral Avoidance Test (BAT)
The interventi on conditi on and the 
care as usual conditi on improved on 
all measures, while the waiti ng list 
conditi on did not. The care as usual 
conditi on improved more than the 
interventi on conditi on on the SBQ 
beliefs subscale.
For the interventi on conditi on and the 
care as usual conditi on results were 
sti ll signifi cantly bett er compared to 
pre-treatment at 3 months. In additi on, 
scores on the SBQ-F beliefs signifi cantly 
decreased from post-test to follow-up 
for the control conditi on, but not for the 
interventi on conditi on.
mosso et al., 2008 Total: 21; Tx: 11; 
C: 10




VR-relaxati on C: CAU (no treatment 
of anxiety symptoms)
Visual Analogue Scale for Anxiety (VAS-A) Aft er 45 minutes, the interventi on 
conditi on improved more than the 
control conditi on. Aft er 90 minutes, 
there was no diff erence anymore, but 
the overall reducti on in the interventi on 
group was larger.
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first author, year number of 
pati ents enrolleda
diagnosis study design interventi on 
conditi onb
Control conditi onc Primary outcome measure Key resultsd
Patel et al., 2006 Total: 112; Tx: 38; 
C1: 38; C2: 36








premedicati on; C2: 
Parental presence; 
modifi ed Yale Preoperati ve Anxiety Scale 
(mYPAS); Posthospitalizati on Behavior 
Questi onnaire
The control conditi ons showed a higher 
increase in anxiety than the interventi on 
conditi on. There was no diff erence in 
posthospitalizati on behavior.
Riva et al., 2002e Total: 20; Tx: 10; 
C: 10
Binge eati ng disorder 2-group pre-post 
RCT
VR-based body image 
therapy
CAU (cogniti ve 
behavioral 
psychonutriti ti onal 
treatment)
Dieter’s Inventory of Eati ng Temptati ons (DIET); 
State-Anxiety Inventory (STAI); Asserti on 
Inventory (AI); Weight Effi  cacy Life-style 
Questi onnaire (WELSQ); University of Rhode 
Island Change Assessment Scale (URICA); Body 
Sati sfacti on Scale (BSS); Body Image Avoidance 
Questi onnaire (BIAQ); Figure Rati ng Scale (FRS); 
Contour Drawing Rati ng Scale (CDRS)
The interventi on conditi on improved 
more than the control group on BIAQ 
clothing subscale, DIET overeati ng, 
STAI total score, AI ability score, URICA 
total, acti on, and maintenance score. 
For other measures, there were no 
diff erences.
Riva et al., 2006 Total: 216; Tx: 
57; C1:54; C2:52, 
C3:53




VR-based cogniti ve 
therapy
 C1: CAU (cogniti ve 
behavioral therapy); 
C2: Nutriti onal 
treatment; C3: 
waiti ng list
Weight reducti on The interventi on conditi on, the C! 
conditi on and the C2 conditi on all 
showed weight reducti on, while the 
waiti ng list conditi on did not. 
Robillard et al., 2010 Total: 45; Tx: 16; 
C1: 14; C2: 15
Social anxiety 3-group pre-post 
RCT
VR-exposure C1: CAU (in vivo 
exposure); C2: 
waiti ng list
Liebowitz Social Anxiety Scale (LSAS); Social 
Phobia Scale (SPS); Appraisal of Social Concerns-
subscale probability/consequence (ASC-P/C); 
Fear of Negati ve Evaluati on (FNE); Self-effi  cacy 
Single Measure (SESM); Beck Depression 
Inventory (BDI); State-Trait Anxiety Inventory 
(STAI-Y2) 
The interventi on conditi on and CAU 
improved more than the waiti ng list 
conditi on. No diff erence was found 
between the interventi on conditi on and 
CAU.
Rothbaum et al., 2000 Total: 49 Fear of fl ying 2-group pre-post 
RCT
VR-exposure C1: CAU (standard 
exposure); C2: 
waiti ng list
Fear of Flying Inventory (FFI); Questi onnaire 
on Atti  tudes Toward Flying (QAF); Clinical 
Global Improvement (CGI); Client Sati sfacti on 
Questi onnaire; Subjecti ve Units of Discomfort 
(SUDs)
The interventi on conditi on and the 
CAU conditi on improved more than the 
waiti ng list conditi on on all measures. 
There were no diff erences between the 
interventi on conditi on and CAU.
Follow-up data was available for the FFI 
and QAF. At 6 and 12 months, treatment 
gains in the interventi on and CAU 
conditi on were maintained.f
Rothbaum et al., 2006 Total: 83; Tx: 29; 
C1: 29; C2: 25
Fear of fl ying 3-group pre-post 
RCT
VR-exposure C1: CAU (in vivo 
exposure); C2: 
waiti ng list
Questi onnaire on Atti  tudes Toward Flying 
(QAF); Fear of Flying Inventory (FFI); Behavioral 
Avoidance Test (BAT)
The interventi on conditi on and the 
CAU conditi on improved more than the 
waiti ng list conditi on on the QAF and 
FFI and they showed less avoidance 
(BAT) than the waiti ng list conditi on. 
No diff erence was found between the 
interventi on conditi on and the CAU 
conditi on. 
Results were maintained at 6 and 12 
months.
st-Jacques et al., 2010 Total: 31; Tx: 17; 
C: 14
Fear of spiders 2-group pre-post 
RCT
VR-exposure (4 
sessions of VR and 1 
session of in vivo)
CAU (in vivo 
exposure)
Spider Phobia Beliefs Questi onnaire (SBQ)-
behavior of spiders/one’s own behaviors; Spider 
Phobia Questi onnaire for Children (SPQ-C); 
Behavioral Avoidance Test (BAT)
Both conditi ons improved on all 
measures; there was no diff erence 
between conditi ons.
Improvement was maintained or 
increased at 6 months.
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first author, year number of 
pati ents enrolleda
diagnosis study design interventi on 
conditi onb
Control conditi onc Primary outcome measure Key resultsd
Tanaka et al., 2010 Total: 117; Tx: 65; 
C: 52 
Auti sm spectrum 





Playing 7 computer 
games targeti ng face 
processing skills
Waiti ng list Let’s Face it! (LFI!) Skills Batt ery-facial identi ty 
and object processing subtests
The interventi on conditi on improved 
more than the control conditi on on the 
Parts/Whole identi ty subscale. On other 
subscales neither conditi on improved.
Tortella-feliu et al., 
2011
Total: 60; Tx: 20; 
C1: 21; C2: 19
Fear of Flying 3-group pre-post 
RCT
VR-exposure C1: Computer-aided 




Fear of Flying Questi onnaire (FFQ); Fear of Flying 
Scale (FFS); Severity clinician rati ng
There were no diff erences between 
conditi ons on both measures; all three 
conditi ons improved.
Results of all conditi ons were sti ll 
signifi cantly bett er compared to pre-
treatment at 12 months. However, fear 
reducti on was lower at 12 months than 
at post-treatment.
Villani and Riva,. 2012 Total: 36; Tx: 12; 
C1: 12; C2: 12








State Trait Anxiety Inventory (STAI); Heart rate 
(HR)
The interventi on conditi on had a 
larger heart rate reducti on than both 
control conditi ons. However, the C1 
conditi on had a larger self-reported 
anxiety reducti on than the interventi on 
conditi on and the C2 conditi on. 
wallach et al., 2009 Total: 112; Tx: 34; 
C1: 45; C2: 33 




VR-exposure C1: CAU (in vivo 
exposure); C2: 
waiti ng list
Liebowitz Social Anxiety Scale (LSAS)-fear/
avoidance; Self-statements during Public 
Speaking-positi ve/negati ve (SSPS); Fear of 
Negati ve Evaluati on (FNE); Behavioral Avoidance 
Test-observer/self (BAT)
The interventi on conditi on and the 
and the CAU conditi on improved more 
than the waiti ng list conditi on on the 
LSAS-fear, LSAS-avoidance, SSPS-positi ve, 
SSPS-negati ve, and BAT self-rati ng; 
no diff erence was found between 
the interventi on conditi on and the 
CAU conditi on. BAT-observer rati ngs 
improved in all conditi ons. All conditi ons 
did not improve on the FNE.
wallach et al., 2011 Total: 20; Tx: 10; 
C: 10




VR-exposure C: Cogniti ve Therapy Liebowitz Social Anxiety Scale (LSAS)-fear/
avoidance; Self-statements during Public 
Speaking negati ve/positi ve (SSPS); Fear of 
Negati ve Evaluati on (FNE)
Both conditi ons improved on the LSAS-
avoidance and did not improve on the 
SSPS-negati ve and FNE. The interventi on 
conditi on improved on the SSPS-positi ve, 
whereas the control conditi on improved 
on the SSPS-negati ve. The interventi on 
conditi on did not improve on the LSAS-
fear, whereas the control conditi on did.
aTx = treatment group. We present multi ple treatment groups (Tx1, Tx2) in studies in which authors chose to 
merge two treatment conditi ons in the fi nal analysis.
bVR = virtual reality
cCAU = care as usual; C = control
dDiff erences refer to stati sti cally signifi cant diff erences. Key results only refer to primary outcome measures. 
Meaning of abbreviati ons in Key results can be found in column ‘Primary outcome measures’. 
eThe sample size of Riva et al. 2002 does not match the sample size used in the eff ect size calculati on, as we used 
data of an (unpublished) extended sample for the analysis. This was decided aft er contact with the corresponding 
author, who explained that the original subjects could no longer be disti nguished from the new/extended ones.
fThe 12 month follow-up data was derived from a follow-up publicati on (30)
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Anxiety 
Six studies reported on outcomes of serious gaming interventi ons for fear of fl ying (27,31-35). 
These studies used virtual reality as the main gaming technology, which was employed for 
exposure therapy. In most cases, parti cipants were sitti  ng in a chair with a seatbelt and wore 
a head-mounted display that presented a visual representati on of an airplane environment 
in which they could move around. Results show that adult parti cipants undergoing a virtual 
reality-based interventi on improved more on anxiety measures than parti cipants placed 
on a waiti ng list (31,33,34), or parti cipants receiving an att enti on placebo (32). Virtual-
reality based interventi ons were as eff ecti ve as standard in vivo exposure (27,33,34) or 
computer-aided exposure (35). Four studies reported follow-up data. Two of them showed 
that the virtual reality conditi on and the care as usual conditi on, compared to a waiti ng list 
conditi on conti nued to have bett er outcomes at 12 months (33,34), one reported that both 
the virtual reality conditi on and the care as usual conditi on conti nued to have signifi cantly 
bett er outcomes at 12 months compared to pre-treatment, but the improvement decreased 
(35), and one reported that most signifi cant diff erences between the virtual reality and the 
placebo conditi on disappeared at six months (32).  
Three studies investi gated the eff ecti veness of virtual reality-based gaming interventi ons 
for fear of spiders in adults (36,37) and children (38). Garcia-Palacios et al. (36) and 
Michaliszyn et al. (37) found that parti cipants in the virtual reality conditi on improved more 
than parti cipants placed on a waiti ng list. One of them reported follow-up data showing 
that results were maintained at 6 months (37). Two of the three studies showed that the 
gaming interventi on appeared to be as eff ecti ve as in vivo exposure therapy (CAU) at post-
treatment (37,38). One study reported follow-up data that showed signifi cant improvement 
of both conditi ons at 3 months, but results of the care as usual conditi on were bett er than 
results of the interventi on conditi on (37). Two studies describing virtual-reality based 
interventi ons for a acrophobia (39,40) in adults showed similar results: the interventi on 
conditi on improved more than the waiti ng list conditi on (40) and the gaming conditi on was 
as eff ecti ve as the care as usual conditi on (39). These results were maintained at 6 months 
(39,40). The last two studies reported on outcomes of gaming interventi ons targeti ng fear 
of surgical procedures (41,42). Mosso et al. (41) used a virtual-reality based relaxati on 
interventi on on mobile phones to reduce fear in adults undergoing surgery and found that 
parti cipants receiving the interventi on were less anxious than parti cipants receiving care 
as usual. Patel et al. (42) investi gated the eff ects of a hand-held video game interventi on to 
distract children from surgical procedure and to reduce preoperati ve fear and found that the 
percentage of children with a decrease in anxiety was larger in the interventi on conditi on 
than in the control conditi on. 
All the above menti oned studies investi gated the eff ect of serious gaming interventi ons 
on what might be termed ‘specifi c anxiety’, as opposed to more general forms of anxiety 
such as social anxiety or panic disorder. A meta-analysis for specifi c anxiety was performed, 
including those studies that compared a gaming interventi on conditi on with a care as usual 
conditi on. The eff ect size for this group of studies was small and signifi cant (Hedges’ g = 
0.396; 95% CI: 0.066-0.727), based on 7 studies (31,34,35,37-39,42)
Six studies investi gated the eff ect of gaming interventi ons in adult persons with more 
general anxiety (43-48) Two studies focused on people with panic disorder and/or 
agoraphobia (43,44). They provided parti cipants with various virtual scenarios such as a 
beach, a highway, a car park, an airport, a shopping mall, and a house. Both studies found 
that the gaming interventi on (consisti ng of virtual reality-based cogniti ve behavioral 
therapy) was as eff ecti ve as care as usual (standard cogniti ve behavioral therapy) at post-
treatment. One study presented follow-up data of the primary outcomes and showed that 
all results were maintained or improved at 12 months (43). In additi on, Botella et al. (43) 
showed that people in the waiti ng list conditi on did not improve. The other four studies 
concentrated on people with social anxiety. Wallach et al. (47,48) found that a gaming 
interventi on as eff ecti ve as cogniti ve behavioral therapy and cogniti ve therapy for adults 
with a social phobia (especially fear of public speaking), and more eff ecti ve than a waiti ng 
list conditi on. Légeron et al. (45) found that social phobic people receiving the gaming 
interventi on improved more than the care as usual conditi on. Robillard et al. (46) measured 
the eff ect of a virtual reality-based gaming interventi on for people with a social anxiety 
disorder. Parti cipants were exposed to virtual social scenarios on a pavement café, in a 
store, in a conference room, and in someone’s home. The authors reported that the gaming 
interventi on and the care as usual conditi ons showed similar improvement, while they both 
had bett er outcomes than the waiti ng list conditi on. For those studies that compared a 
gaming interventi on with a care a usual conditi on (43-47) we calculated a mean eff ect size 
and found Hedges’ g = 0.104 (95% CI: -0.275:0.482) which can be interpreted as trivial. The 
eff ect size was, however, not signifi cant.
depression
One study reported outcomes of gaming interventi ons targeti ng depressive symptoms. 
Merry et al. (49) investi gated the eff ect of an interacti ve fantasy game designed to deliver 
cogniti ve behavioral therapy to adolescents with depressive symptoms. They found that 
the gaming interventi on was as eff ecti ve as standard cogniti ve behavioral therapy in the 
reducti on of depressive symptoms. In additi on, higher remission rates were reported in the 
gaming conditi on, compared to care as usual. Results were maintained at 3 months.
eati ng disorders 
Three studies concentrated on gaming interventi ons for eati ng disorders. Riva et al. (50) 
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way through seven virtual zones which all presented a so-called ‘healing experience’. This 
game was added to a low-calorie diet and physical training. People in the control conditi on 
followed a low-calorie diet, had physical training and were off ered a cogniti ve behavioral 
therapy-based life style course. Results indicated that parti cipants playing the game improved 
more on several measures related to eati ng problems than parti cipants in the control group. 
In a second study, Riva et al. (51) enhanced the gaming interventi on and tested it with adult 
parti cipants suff ering from obesity and emoti onal eati ng. The gaming interventi on conditi on 
was compared with cogniti ve behavioral therapy, a nutriti onal therapy and a waiti ng list. 
The gaming interventi on was found to be as eff ecti ve as CBT and nutriti onal therapy and 
more eff ecti ve than a waiti ng list conditi on on weight reducti on. Manzoni et al. (52) studied 
the eff ecti veness of virtual-reality based relaxati on training, compared to regular relaxati on 
training, and standard hospital care, for people with obesity and emoti onal eati ng problems. 
They hypothesized that relaxati on might help parti cipants to respond in a functi onal way 
to negati ve emoti ons, rather than in a dysfuncti onal way of overeati ng. Parti cipants in the 
gaming conditi on could walk around in a relaxing virtual environment, showing a mountain 
landscape and a calm lake, whereas parti cipants in the regular conditi on, parti cipants had 
to imagine a relaxed environment by means of narrati ves. Results of this study suggest that 
the virtual reality-based approach is as eff ecti ve as the imaginati ve approach and they both 
were more eff ecti ve than standard hospital care in terms of confi dence of parti cipants about 
being able to resist the desire to eat. Follow-up data showed that results were maintained 
at 3 months. Combining these three studies in a meta-analysis, we found a trivial and non-
signifi cant eff ect size (Hedges’ g = 0.027; 95% CI: -0.446-0.500, not signifi cant).
Psychoti c disorders
Two small-scale studies explored the eff ect of gaming interventi ons in adults with a psychoti c 
disorder. In the study by Chan et al. (53) older adults with schizophrenia received cogniti ve 
training in a virtual environment in which they have to approach and avoid specifi c objects 
(balls, yellow stars, sharks). Compared to standard care, parti cipants playing this cogniti ve 
training game showed more improvement on two subscales of a neurobehavioral cogniti ve 
status examinati on aft er 10 sessions. In the second study, Choi and Medalia (54) assessed 
the eff ect of a arithmeti c fantasy game on cogniti ve functi oning, compared to a arithmeti c 
learning program void of any fantasy context, and care as usual in people with schizophrenia 
and schizo-aff ecti ve disorders. Results suggest that parti cipants in the gaming interventi on 
conditi on acquired more arithmeti c skills, possessed greater intrinsic moti vati on for the 
task, reported greater feelings of self-competency and had bett er att enti on, than in both 
other conditi ons. 
Auti sm spectrum
The eff ect of game playing in people with auti sm spectrum diagnoses was examined in three 
studies. Beaumont and Sofronoff  (55) assessed the ‘junior detecti ve computer game’ for 
children with Asperger syndrome on social skills. In this game, children took the positi on 
of the central character (the ‘junior detecti ve’), who is a secret agent with the mission to 
decode suspects’ feelings and emoti ons. Game playing was complemented by group sessions 
and parent training. The eff ect of the junior detecti ve program was compared to a waiti ng 
list conditi on. Results suggests that children in the gaming interventi on conditi on improved 
on social skills and emoti on management, whereas children in the control conditi on did 
not. However, conditi ons did not diff er in performance on emoti on recogniti on. Follow-up 
data showed that improvements on social skills, but not on emoti on management, were 
maintained at 6 weeks and 5 months. In the second study, Cho et al. (56) studied the eff ect 
of neuro-feedback training integrated in a game for adolescents with ADHD symptoms 
who had committ ed crimes. The game was designed to target problems with att enti on and 
impulsiveness. Parti cipants in the interventi on conditi on were situated in a virtual class room 
in which they had to solve puzzles and could earn points. By playing the game, parti cipants 
could infl uence their beta waves and train themselves in maintaining an opti mal level of 
arousal. The gaming interventi on (interventi on 1) was compared to the gaming interventi on 
plus cogniti ve training (interventi on 2), to regular computer training (placebo 1), to regular 
computer training plus cogniti ve training (placebo 2), and to waiti ng list. Results indicate 
that att enti on and impulsivity improved more in parti cipants of both gaming interventi on 
conditi ons, than in parti cipants of both placebo conditi ons. In additi on, both interventi on 
and placebo conditi ons did bett er than the waiti ng list conditi on. Tanaka et al. (57), evaluated 
the eff ects of the Let’s Face It! Program consisti ng of seven interacti ve computer games 
addressing face processing defi cits such as inatt enti on to the eyes, impaired recogniti on 
of identi ty, and failure to perceive faces holisti cally. Parti cipants were children with auti sti c 
disorder, Asperger’s disorder or pervasive developmental disorder not otherwise specifi ed 
(PDD-NOS). Children in the interventi on group played the games for 20 hours over a two- to 
four-month period. Children in the control group were placed on a waiti ng list. Performance 
was measured with the facial identi ty scale and the object processing scale of the Let’s 
Face it! Skills Batt ery. Results showed that children receiving the game playing interventi on 
improved more than the waiti ng list conditi on on one subtest of the facial identi ty scale, 
namely analyti c and holisti c face processing skills. No diff erences were found on the other 
subtests. 
other
Fernandez-Calvo et al. (58) explored the eff ecti veness of a gaming interventi on for adults 
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and consisted of a cogniti ve training program based on video games played on a Nintendo-
DS. The goal for players was to make their brain as big as possible by quickly completi ng 
tasks related to memory, thinking, analyzing, computi ng and identi fying. Forty-fi ve persons 
with a mild form of Alzheimer were divided over three conditi ons: the gaming interventi on, 
a traditi onal cogniti ve training program, and a waiti ng list conditi on. Results showed that the 
gaming conditi on had slowest rates of cogniti ve decline compared to the other conditi ons.
Jimenez and Rojas (59) focused in their study on children with dyslexia. They investi gated 
the eff ect of a video game, called Tradislexia, on phonological awareness and word 
recogniti on. Children had to complete various tasks on an island, in a park or on the moon. 
Eff ects were assessed with a test batt ery for cogniti ve processes and results showed that the 
children receiving the gaming interventi on had bett er outcomes than those who received 
care as usual.
In an early study, Margalit et al. (60) assessed the eff ect of a gaming interventi on on 
students with mild mental retardati on. The interventi on, called ‘I Found a Soluti on’ 
consisted of 24 computerized social simulati ons presented as confl ict scenarios combined 
with adventure games focusing on school, work, family life and leisure to train the students 
to develop and evaluate soluti ons in social situati ons. Students in the gaming conditi on 
improved more on social skills and also aggressive behavior than students in the control 
conditi on who received various educati onal computer programs such as writi ng instructi on, 
word processing. 
Two recent small-scale studies evaluated gaming interventi ons for stress and stress-
related disorders. In the study by Banos et al. (61) people with post-traumati c stress disorder, 
pathological grief, and adjustment disorder were placed in a virtual environment where 
they were exposed to meaningful scenarios that enhanced their emoti onal experiences. In 
this environment parti cipants could manipulate sounds, images, movies, texts and lights, 
and they could also keep a virtual diary in which they collected objects available in the 
environment. The gaming interventi on was compared to a care as usual conditi on consisti ng 
of standard cogniti ve behavioral therapy with in vivo exposure. Both conditi ons had similar 
outcomes on fear and positi ve and negati ve aff ect, but the interventi on conditi on showed 
bett er improvement of depressive symptoms. Villani and Riva (62) explored the eff ect of 
a virtual reality-based interventi on on stress management in young adults experiencing 
stress. The virtual environment was a wilderness park where parti cipants could visit diff erent 
locati ons, such as a lake, river, waterfall, garden, and forest where they could perform 
relaxati on exercises guided by a narrati ve. The virtual reality conditi on was compared to 
a video-based conditi on and an audio-based conditi on directed at stress management. 
Results showed that parti cipants in the virtual reality conditi on had a larger heart rate 
reducti on than both other conditi ons, but the video-based conditi on had best outcomes on 
self-reported anxiety.
disCussion
This is the fi rst comprehensive systemati c review of studies investi gati ng the eff ects 
of serious gaming interventi ons for mental health problems. We identi fi ed 33 studies 
investi gati ng gaming interventi ons in the broad fi eld of mental health care. Results show 
that a large variety of gaming interventi ons has been developed for a diversity of mental 
health problems. Several studies report positi ve eff ects of the gaming interventi on on 
symptomatology, suggesti ng that serious gaming may be a promising area of research. 
However the overall evidence is sti ll limited.
evidence
Most evidence is available for gaming interventi ons consisti ng of virtual reality-based 
techniques employed for exposure therapy targeti ng specifi c anxiety. Results indicate a small 
eff ect size for gaming interventi ons targeti ng specifi c anxiety (fear of fl ying, fear of spiders, 
fear of heights, and fear of surgical procedures). These results suggest that virtual reality-
based gaming interventi ons for anxiety may be at least as eff ecti ve as usual care. Moreover, 
there are several indicati ons that results are maintained at 3, 6, and 12 months follow-up. 
The outcomes add to the results reported by Gregg and Tarrier (25) who reviewed the use 
of virtual reality in mental health. They found a mean eff ect size of 0.30 (CI: -0.50-1.62), a 
bit lower than what we found, for virtual reality-based interventi ons versus an alternati ve 
treatment. The discrepancies between their results and the results of the present review 
may be explained by the fact that Gregg and Tarrier (25) did not disti nguish between specifi c 
phobias and social anxiety. Furthermore, they included studies with a sample size smaller 
than 10, which we did not.
For other mental health problems, the evidence for effi  cacy of serious gaming interventi ons 
is far more limited. Due to the small number of studies, quanti tati ve analyses could not be 
conducted in most cases. Furthermore, there are several methodological drawbacks in this 
research fi eld. One third of the studies recruited parti cipants by adverti sements or by self-
referral, as a result of which representati veness of studies is limited. Most studies do not 
provide informati on about refusal. 
Drop-out rates indicati ng drop-out during the trial were modest in most studies. The 
highest rate was 24 percent (47). Three of the 25 studies making use of virtual-reality based 
exposure therapy reported drop-out of subjects because they did not experience anxiety 
arousal (31,37,40). Two studies of these 25 reported drop-out of a subject due to cyber 
sickness (31,37). Apart from incidental drop-out due to cyber sickness, no adverse eff ects 
of gaming were reported. Most of the gaming technology used in the interventi ons was 
specifi cally designed for the interventi on, but there were also interventi ons that incorporated 
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developed for therapeuti c goals (e.g. Nintendo Wii ‘Big Brain Academy’ (54)).
About half of the studies indicated a primary outcome measure. The remaining studies 
included multi ple, oft en conceptually overlapping, outcome measures (up to 8), without 
disti nguishing between primary and secondary measures. Future studies would benefi t 
from clearly specifying primary and secondary outcomes, in order to more precisely defi ne 
the study’s goals and hypotheses so that scienti fi cally sound conclusions can be drawn 
about its results. Moreover, not designati ng one of the outcomes as primary may result in 
an increased risk of false positi ve fi ndings. In the pharmacological literature, this is a heavily 
discussed issue (63-65).
Not all corresponding authors we contacted for additi onal informati on responded. We 
sent them an email twice, with 3 weeks in between. To adhere to Good Clinical Practi ce and 
to allow for meta-analyses in future research, authors should have their data stored at an 
accessible locati on. Open access journals that off er possibiliti es to upload datasets along 
with the manuscript submission may contribute to solving the issue of missing data. 
implicati ons and future perspecti ves
This review demonstrates that serious gaming is an upcoming fi eld in mental health care. 
Almost two third of the included studies were published in the last fi ve years. This number 
will only increase, not least as a result of the popularity of serious gaming by policy makers 
(see for instance the Sixth and Seventh Framework Programs of the European Union (66)). 
There is a strong belief in the potenti al of serious gaming. Serious games are said to off er 
learning opportuniti es that may otherwise be too dangerous, costly, diffi  cult, boring or 
impracti cal to provide (67,68). The risk-free and oft en visually sti mulati ng environment is 
believed to encourage players to explore and experiment, while receiving instant feedback 
(69). Serious games are anti cipated to increase treatment adherence (14,15) and as such 
contribute to a reducti on in health care costs. More research is needed, however, to confi rm 
these assumpti ons. 
The greatest potenti al gain probably is in gaming interventi ons that can be developed and 
used at low cost. In the past, att empts have been made to create therapeuti c console games 
comparable to popular Nintendo and Sony games (e.g.(70)). However, chances of delivering 
a playable game are minimal, as fi nancial resources in the mental health care domain will 
hardly ever match the budgets available to commercial companies (70). Instead of focusing 
on creati ng high tech 3D games from scratch, our focus should rather be on integrati ng 
existi ng gaming technologies and ‘off  the shelf’ games into interventi ons. We should explore 
the potenti al of casual games available on the consumer market or online games with a 
proven popularity. A few promising studies have been conducted that investi gate the eff ect 
of casual video games on anxiety and stress symptoms (71,72). Moreover, we have to take 
into account that serious games may never match the att racti veness level of a regular 
computer game. The value of serious gaming may be not so much in making therapeuti c 
games, but on ‘gamifi cati on’ of the present therapeuti c context. 
In future research, it is important to study possible adverse eff ects of gaming, as studies 
have shown that excessive game playing is associated with addicti on (6,8). If gaming 
interventi ons would result into gaming addicti on, they may create mental health problems 
instead of treati ng them. Finally, future studies should include economic analyses so that 
it can be determined whether gaming interventi ons are a more cost-eff ecti ve alternati ve 
to standard care. Parti cularly when serious games can be played without a clinician being 
present, they may present a more cost-effi  cient alternati ve to regular forms of treatment. 
 
strengths and limitati ons
A strength of this review is that it provides an overview of gaming interventi ons for a large 
spectrum of mental health problems, demonstrati ng the broad possibiliti es for applicati on 
of serious gaming. The drawback is a substanti al heterogeneity in studies. Study samples 
diff ered in age, sex, and diagnosis. Although all interventi ons were targeted towards 
reducti on of symptomatology, there was a considerable variety within symptoms. The 
durati on of interventi ons varied as well. Due to this heterogeneity, we were not able to 
conduct a comprehensive meta-analysis. Another limitati on is the relati ve small sample size 
of most studies, implying that studies might have been underpowered. Finally, this review 
probably suff ers from publicati on bias, as positi ve results are more likely to be published 
than negati ve results.
ConClusions
Serious gaming interventi ons have entered the fi eld of mental health care. Although the 
evidence base for eff ecti veness of gaming interventi ons is sti ll limited, the rise of these 
interventi ons create opportuniti es for mental health care services to adopt an innovati ve 
approach to traditi onal forms of therapy. Policy makers should be aware of these 
developments in order to ensure that mental health care services go along with the ti mes 
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ABsTRACT
Background: Recently, new quanti tati ve methods have been developed to perform 
idiographic research. A promising method is an intensive ti me series design, in which 
Ecological Momentary Assessments (EMA) are combined with ti me series analysis. This 
method allows for studying the temporal order of dynamic relati onships among variables, 
which may provide concrete indicati ons for pati ent-tailored treatment advice. However, 
the knowledge gap between the research context in which intensive ti me series analysis 
is experimented with and clinical practi ce in which individual pati ents may profi t from its 
results hampers progress. The purpose of this study was therefore to bring idiographic 
assessments closer to clinical practi ce by automati ng ti me series analysis. 
methods: We developed a web-based applicati on, called AutoVAR, which automates ti me 
series analyses of EMA data and provides output aimed to be interpretable by non-experts. 
The stati sti cal technique we used is vector autoregressive modeling (VAR). AutoVAR was 
developed to take over expert modeling work, otherwise conducted by an experienced 
researcher. This was realized by having AutoVAR test and evaluate all possible VAR models 
within a given combinatorial search space and summarizing their results, thereby replacing 
the researcher’s task of conducti ng the analysis and making an informed selecti on of models 
and fi nally choosing one best model. We compared the output of AutoVAR to the output of 
a manual analysis.
Results: AutoVAR creates ti me plots for each selected variable in the ti me series analysis, 
defi nes all possible VAR models, checks models for validity, and fi nally summarizes outcomes 
of all valid models. Compared to the manual output, the AutoVAR output presents similar 
model characteristi cs and stati sti cal results (AutoVAR: Akaike Informati on Criterion 
(AIC)=631.22, Bayesian Informati on Criterion (BIC)=655.41, Granger causality test p=0.03; 
manual: AIC=631.70, BIC=655.89, Granger causality test p=0.03).
Conclusions: Results suggest that automated analysis of ti mes series is feasible. Compared 
to a manual procedure, the automated procedure is more robust and may save days of ti me. 
In additi on, the output of automated ti me series analysis can be presented in an intuiti ve 
way. These fi ndings may pave the way for clinicians and pati ents to use intensive ti me series 
analysis as an integral part of personalized treatment trajectories.
BACKGRound
Person-centered research and the idiographic approach
Evidence-based treatment guidelines in psychiatry are predominantly based on nomotheti c 
research. Samples of people are investi gated to fi nd general laws of symptomatology 
and functi oning which are then generalized to all individual members of the investi gated 
populati on (1,2). Several authors have criti cized the dominance of this approach (e.g.(3-6)), 
which leads to knowledge that is ‘true on average’ (2). Although nomotheti c research is 
useful to study variability between individuals in a sample, the results do not necessarily 
generalize to individual pati ents. In fact, between-persons and within-person associati ons 
can diverge in both magnitude and directi on (6). In a study investi gati ng the occurrence of 
desirable and undesirable events in the daily life of individuals with chronic pain, Tennen 
and Aﬄ  eck (6) showed that, on average, there was a moderate positi ve associati on between 
desirable and undesirable events (r=0.50), indicati ng that parti cipants experiencing more 
desirable events (relati ve to other people), also experienced more undesirable events. 
However, the within-person correlati ons showed an inverse relati onship (mean r=-0.25), 
indicati ng that on days that parti cipants reported more desirable events, they experienced 
fewer undesirable events. Another study focusing on personality traits in the general 
populati on shows that the Big Five factor structure that resulted from a between-person 
analysis, could not be generalized to individuals. Within-person analysis showed diff erences 
between persons in both the number of factors and in how the factors related to the 
personality items (5). The above examples illustrate that outcomes of nomotheti c research 
need not be valid for individual pati ents, as they tend to relate to, what Gordon Allport in 
1937 called, ‘a non-existent average individual’(7). According to Allport, researchers should 
put more emphasis on the unique patt erns within individuals over ti me. This is what he 
named the ‘idiographic approach’.
Allport was an early advocate of the idiographic approach. In the 1960s and 1970s, the 
enthusiasm for idiographic research diminished. It was qualifi ed as unscienti fi c (e.g. (8)) 
and unrealisti c (e.g. (9)), as there were no adequate methods for carrying out quanti tati ve 
idiographic research (10). At that ti me, idiographic research mainly referred to case study-
based qualitati ve research. However, in the last two decades, new quanti tati ve methods 
have been developed to perform idiographic research and researchers took up Allport’s 
ideas again, calling for a new person-centered approach in clinical research (3,5,6). One of 
the most promising research methods that can be used to employ idiographic research is 
Ecological Momentary Assessment (EMA), also called Experience Sampling Method (ESM) 
or diary methods (11). EMA is aimed at repeatedly assessing experiences, acti viti es, and 
physiological parameters, once or multi ple ti mes a day, and is typically characterized by 
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by, for instance, multi level analysis. However, a more recent development is ti me series 
analysis, which allows for the analysis of EMA data on an individual level (level of the idios). 
The combinati on of EMA with ti me series analysis, which we refer to as ‘intensive ti me 
series design’, has recently brought the idiographic approach back to life. 
intensive ti me series designs in psychiatry
In psychiatry research, a number of examples can be found in which intensive ti me series 
designs are used to map the functi oning of individual pati ents (12-15). For instance, 
Bouchard et al. (12) investi gated the temporal relati onships between dysfuncti onal beliefs, 
self-effi  cacy and panic apprehension in a diary study of twelve anxiety pati ents. Multi variate 
ti me series analysis identi fi ed substanti al heterogeneity between the pati ents in the dynamic 
associati ons between variables. In three pati ents, changes in panic apprehension were 
predicted by changes in dysfuncti onal beliefs, in six pati ents they were predicted by changes 
in self-effi  cacy, and in two pati ents they were predicted by both changes in dysfuncti onal 
beliefs and self-effi  cacy. 
In another study, Rosmalen et al. (16) used ti me series analysis to investi gate the causal 
directi on of associati ons between physical acti vity and depression in four pati ents who had 
experienced a myocardial infarcti on. They found that in two pati ents depression predicted 
physical inacti vity, whereas in one pati ent physical inacti vity predicted depression, and in 
another pati ent, only a cross-secti onal associati on between depression and physical inacti vity 
was found. These results could be translated into concrete indicati ons for treatment advice. 
For one pati ent, 1.5 hours of sports every four days would lead to a desirable degree of 
decrease in depressive symptoms, whereas for the other pati ents physical acti vity was not 
to be expected to have benefi cial eff ects on depression. These two studies indicate the 
potenti al of EMA combined with ti me series analysis for clinical practi ce. The identi fi cati on 
of individual patt erns of symptoms, behaviors, and experiences, sheds light on the most 
important functi onal and dysfuncti onal dynamics of a given pati ent, providing concrete 
indicati ons for pati ent-tailored treatment advice (16).
Gap between research and clinical practi ce
Despite the promising examples described above, there sti ll is a signifi cant gap between the 
research context in which intensive ti me series analysis is experimented with and clinical 
practi ce in which individual pati ents may profi t from its results. An important challenge is 
the substanti al burden that data collecti on and processing puts on pati ents and researchers. 
Pati ents have to complete at least 50 assessments, and preferably even more (17). 
Researchers have to be experienced in advanced ti me series methodology which they have 
to apply at an individual level, for each pati ent separately. This has made some researchers 
to conclude that the idiographic approach is too ti me-consuming and too expensive for 
implementati on on a large scale (18). 
Intensive ti me series analysis can only be applied in daily clinical practi ce when certain 
requirements are met. First, data collecti on and data management should be standardized 
to some extent, as to enable clinicians and pati ents to select relevant assessment domains 
from a prespecifi ed set of measures. This is to prevent a situati on in which intensive ti me 
series data collecti on needs to be built up from scratch for every individual pati ent. Second, 
to deploy intensive ti me series in the course of a treatment process, as a diagnosti c means, 
or as a method to evaluate treatment eff ects, ti me series data need to be available real-ti me 
so that the outcomes can be used immediately. Third, it should be possible to conduct a 
reliable analysis of ti me series data, without extensive stati sti cal training. Fourth, clinicians 
and pati ents should be able to interpret the output of intensive ti me series, and understand 
how the results relate to their parti cular treatment context. 
The latt er two conditi ons, which allow for a situati on in which the researcher becomes 
superfl uous, may be the hardest and most fundamental conditi ons to meet. So far, analysis 
of ti me series data has always required advanced stati sti cal experti se, including extensive 
knowledge of the stati sti cal procedures and a high level of experience. 
stati sti cal modeling of ti me series
There are several forms of ti me series data. Time series can be event-based, in which the 
assessments follow a specifi c event, or ti me-based in which the assessments are performed 
at specifi c ti me points. Moreover, ti me-based assessments can be conducted either at 
fi xed or random moments. Each method has its own purposes. If data is collected at fi xed 
moments, with equidistant intervals in between ti me points, temporal dynamics between 
variables can be analyzed by a method such as vector autoregressive modeling (VAR; 
(17,19,20)). 
The ‘vector’ term in vector autoregressive modeling refers to the multi variate character, 
which is an extension of the single variable autoregressive (AR) model. VAR models consist 
of a set of regression equati ons in which all variables are treated as endogenous variables, 
meaning that they functi on as both outcome and predictor. VAR analysis can be conducted 
without a prior hypothesis about the directi on of the associati on between variables. A 
stati sti cal test called ‘Granger causality test’ can be used to examine whether the lagged 
values of one variable x are useful in the predicti on of values of another variable y. If so, 
it is said that variable x Granger causes variable y (21). VAR analysis can thus elucidate 
dynamic relati onships between two or more variables, providing an impression of putati ve 
causal associati ons. The identi fi cati on of these dynamic relati onships, in turn, paves the 
way for unveiling detailed and pati ent-specifi c patt erns of symptoms or experiences, their 
triggers, and their eff ects on functi oning. An extensive descripti on of the VAR technique 
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EMA assessments, the distance between two consecuti ve ti me points oft en is not equal. 
In these cases, the raw ti me series data would not meet the VAR modeling assumpti on of 
equidistant ti me intervals. The EMA data can, however, be preprocessed such that they do 
meet this assumpti on. One such way of reprocessing is to use spline smoothing, followed by 
re-sampling at equal sampling intervals (e.g. (22,23)) 
In the VAR modeling process, researchers are broadly faced with two main tasks, namely 
(1) to build stati sti cal models, and conduct a reliable, iterati ve analysis to evaluate the 
validity of these models, and (2) to choose the best model that they can work with. The fi rst 
task is predominantly a stati sti cal one. Although the researcher has to make some choices, 
such as which variables to include in the VAR and the maximum lag length (i.e. the maximum 
number of previous observati ons that contain relevant informati on for esti mati ng the 
current observati ons), the biggest part of this task consists of stati sti cal analysis conducted 
with predefi ned tests. By means of residual diagnosti cs, the models are checked for 
assumpti ons of stability, ‘white noise’ (no residual autocorrelati on), homoscedasti city and 
normality, based on which valid models can be selected. The second task is less stati sti cal. 
Choosing the ‘best’ model out of all valid models mostly is an informed choice of content. 
It is based on a combinati on of stati sti cal parameters (e.g. model selecti on criteria like the 
Akaike Informati on Criterion (AIC) or the Bayesian Informati on Criterion (BIC)) ,theoreti cal 
assumpti ons about the data, and common sense. The researcher plays a crucial role here. 
Aim
In this paper, we provide a proof-of-principle that might bring idiographic assessments 
closer to clinical practi ce by automati ng analyti cal processes. We developed a web-based 
applicati on, called AutoVAR, that automates ti me series analyses of EMA data and provides 
output aimed to be interpretable by non-experts. We report on our experiences with the 
program in re-analysing a set of ti me series data.
meTHods
Automated ti me series analysis with AutoVAR
Our starti ng point was the study by Rosmalen et al. (16). We aimed to investi gate whether 
the complex ti me series analysis using VAR modeling, which was conducted manually in the 
Rosmalen study, could be automated. A detailed descripti on of the VAR models used by 
Rosmalen and colleagues is presented in their original study (16). Four pati ents were studied 
who had experienced a myocardial infarcti on. These pati ents monitored their daily levels 
of depressive symptoms and acti vity during a three-month period. Depressive symptoms 
were assessed with the Depression module of the Pati ent Health Questi onnaire (24), slightly 
adjusted for daily use. Physical acti vity was measured by means of seven items describing 
physical acti viti es, of which pati ents had to report the amount of ti me they had spent on 
them. As described above, results showed signifi cant heterogeneity in the directi on of the 
associati on between depression and acti vity among the four pati ents.
To automate the analysis processes performed by Rosmalen et al., one of the authors 
(A.E.) developed an open source R package that includes a web applicati on front-end. This 
applicati on reads raw data in an SPSS or STATA fi le and fi ts that into VAR models. For the VAR 
modeling the existi ng R package for VAR modeling is used (vars (25)). In the new applicati on, 
one can upload a data fi le, select variables for ti me series analysis, specify the maximum 
number of lags, and run the program (see Figure 1). AutoVAR is developed to take over 
those acti ons which in the manual analysis can only be conducted by a stati sti cal expert. 
The soluti on that AutoVAR follows is to test all possible models within given restricti ons and 
to summarize outcomes of all valid models. When the program is running, AutoVAR creates 
ti me plots for each selected variable, defi nes the possible VAR models, checks all models for 
validity, and fi nally presents all valid models. 1
The total number of possible VAR models is determined by the combinatorial search 
space. AutoVAR’s combinatorial search space is defi ned by multi ple factors: 
1. The lag length. The lag length refers to the maximum number of previous observati ons 
that contain relevant informati on for esti mati ng the current observati ons. AutoVAR tests 
all lag lengths, up to a maximum which is set by the user by typing the number into 
the box ‘Max. lag’. In this paper, the maximum lag length was set to 2, following the 
procedure by Rosmalen et al. (16). In a manual analysis, a researcher tests those lag 
lengths that seem to make sense, based on theoreti cal plausibility, common sense, and 
lag length selecti on criteria (e.g. the likelihood rati o test (LR test), fi nal predicti on error 
(FPE), Akaike Informati on Criterion (AIC), Hannan-Quinn Informati on Criterion (HQIC), 
and the Bayesian Informati on Criterion (BIC)). 
2. Potenti al need for inclusion of a trend variable. AutoVAR checks whether a ti me series 
is stati onary around a trend with the Phillips-Perron test (17). If this test is signifi cant, 
a trend term is added to the model as an exogenous variable. In a manual analysis, 
the presence of a trend variable is determined either by looking at the ti me plots and 
judging whether or not the mean of the ti me series changes over ti me, or on the basis of 
a stability test (e.g. the Eigen value stability conditi on (17)).
3. Potenti al need for inclusion of seasonal variables. AutoVAR checks whether seasonal 
variables should be included using dummies for the weekdays (if AutoVAR’s opti on 
‘ti mestamps’ is checked). AutoVAR evaluates, by default, every model twice. 
1  The AutoVAR program can be freely accessed at htt p://autovar.nl/ We would like to note that this is the fi rst 
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 Once with and once without dummy variables for weekdays. In a manual analysis, 
dummy variables for weekdays are added when it seems to make sense, for instance 
when a lag of 7 is indicated by lag length selecti on criteria. 
4. Potenti al presence of outliers. Outlier values that violate model assumpti ons are 
accounted for in Autovar and manual analyses by including a dummy variable as an 
exogenous variable (0/1). In AutoVAR, outliers are defi ned as values larger than 3.5, 3.0, 
or 2.5 standard deviati ons from the mean of the residuals. AutoVAR will fi rst test a model 
without outliers; if this model is invalid it will test a model with outliers that deviate 
3.5 standard deviati ons from the mean of the residuals; if the model is sti ll invalid, it 
will test a model with outliers that deviate 3.0 standard deviati ons. If this sti ll yields 
no valid model, AutoVAR will stop, unless the opti on is checked to look for outliers of 
2.5 standard deviati ons. In a manual analysis, the presence of outliers is determined by 
looking for extraordinary values in the ti me plots of the (residuals of the) variables, and 
based on additi onal informati on provided by the pati ent.
5. Log transformati on. AutoVAR constructs and calculates each model with and without 
log transformati on. In a manual analysis, a researcher determines whether or not a log 
transformati on is necessary based on a normality test, such as the Skewness-Kurtosis 
test (17). If this test is signifi cant, the residuals do not have a normal distributi on. A log 
transformati on is applied when this non-normality is caused by a skew to the right. This 
skew to the right can be determined by checking the histogram, the ti me plot or the box 
plot of the residuals. 
6. Potenti al need for constraints put to model parameters. Like the manual procedure, 
AutoVAR sets to ‘0’ those parameters that do not signifi cantly contribute to the model, 
starti ng with the parameter that has the highest p-value. Aft er each constraint, the VAR 
model is rerun, unti l the chosen goodness-of-fi t criterion (AIC or BIC) ceases to become 
smaller. In additi on to the manual procedure, AutoVAR checks assumpti ons for stability, 
‘white noise’, homoscedascity, and normality, aft er every constraint has been set (see 
also below).  
7. Potenti al need for exogenous variables added to the model, based on additi onal pati ent 
informati on. Someti mes ti me plots show strange characteristi cs (e.g. an unexpected 
increase in acti vity) that may be explained by external factors (e.g. change of jobs). In 
AutoVAR, these external factors can be added to the model, by having the user select 
them as ‘additi onal exogenous variables’. In a manual analysis, the researcher includes 
additi onal exogenous variables to the model as part of the regular analysis procedure. 
figure 1. AutoVAR screen shot
For this paper, we selected the variables Acti vity and Depression from the Rosmalen dataset. The 
right column shows all variables included in the dataset. The maximum lag length was set on 2 and 
we checked the opti on to include models at lag 0. Under the tab ‘Exogenous variables’ one can add 
exogenous variables. Under the tab ‘Advanced setti  ngs’ one can change setti  ngs (e.g. change ordering 
from AIC to BIC scores). 
Aft er each model is esti mated, AutoVAR checks them for validity by means of an automated 
residual diagnosti cs procedure, in which four assumpti ons are tested. The stability 
assumpti on is checked by the Eigen Value stability conditi on, the ‘white noise’ assumpti on 
by a Portmanteau test on the residuals, the homoscedascity assumpti on by a Portmanteau 
test on the squares of the residuals, and the normality assumpti on by the Skewness-Kurtosis 
test (see (17)). All tests must be non-signifi cant for all variables for AutoVAR to consider a 
model valid. If one of these tests indicates a violati on of the model assumpti ons, the model 
is adjusted, reesti mated, and reevaluated, in an iterati ve model building process, unti l all 
assumpti ons are met (or unti l meeti ng all assumpti ons appears impossible, meaning that no 
valid models can be found). This process is similar to the manual procedure. 
The validity of models also plays a role in the total number of models that AutoVAR runs. 
Strictly speaking, AutoVAR does not run all possible models defi ned by the combinatorial 
search space, but only the non-redundant ones. Of all the models that AutoVAR considers, 
it fi lters out the redundant models prior to running the fi nal model calculati ons. AutoVAR 
considers a model redundant when it is not needed for opti mizati on of the data modeling. 
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model specifi cati ons but with modeled outliers redundant. This is to say that AutoVAR always 
tries to fi t the most simple model (e.g. without outliers) to the data fi rst, and only resorts 
to more complex models (with outliers) when these simple models do not suffi  ce (i.e. when 
they invalidate one or more of the model assumpti ons). This procedure has consequences for 
the number of valid models which can be fi tt ed to the data. If simple models do not suffi  ce 
to fi t the data, AutoVAR has to resort to more complex models and thus the total number of 
possible models increases. For instance, if a model without outliers is not valid, AutoVAR will 
widen the combinatorial search space to include models with outliers. As a result, the total 
number of valid model fi ts for complex models oft en will be higher than the total number of 
valid model fi ts for more simple models. Finally, for all valid models, AutoVAR calculates AIC 
and BIC scores. AutoVAR orders the valid models on ascending order of the best (= lowest) 
AIC or BIC. If the ordering of models based on AIC scores diff er from the ordering based on 
BIC scores, AutoVAR will present the ordering based on AIC by default. However, users have 
the opti on to change the ordering based on BIC score by checking a box on the Advanced 
Setti  ngs page. Results of Granger causality tests are summarized in an image.
The AutoVAR procedure deviates from the manual procedure in two important respects. 
First, AutoVAR tests all possible VAR models within a given combinatorial search space, 
whereas a researcher tests a selecti on of models based on stati sti cal and theoreti cal 
considerati ons. Second, AutoVAR orders the valid models and presents all of them in a 




descripti on of original data
Time series data were obtained from 5 post-myocardial infarcti on (MI) pati ents, recruited 
from screening for a Psycho-Educati onal Preventi on Module (PEP) at the Máxima Medical 
Center in Eindhoven-Veldhoven, the Netherlands (derived from (16)). The PEP module 
focuses on regaining emoti onal stability and dealing with cardiac disease, as part of a cardiac 
rehabilitati on program. Pati ent were considered eligible for study parti cipati on if they had a 
score of 10 or higher on the Beck Depression Inventory (BDI; (26)), meaning that they suff ered 
from mild to moderate depressive symptoms. The BDI is a self-report questi onnaire assessing 
depressive symptoms in a reliable and valid manner (27). The questi onnaire addresses both 
cogniti ve and somati c depressive symptoms during the past week, such as hopelessness, 
guilt, fati gue, and weight changes. The BDI has 21 items, scored on a scale ranging from 0 
to 3. Exclusion criteria were signifi cant cogniti ve impairments, life-threatening diseases, and 
severe problems with physical acti vity. The study was approved of by the Medical Ethical 
Committ ee for mental health insti tuti ons (METiGG) in the Netherlands. Data collecti on took 
place in the fi rst semester of 2010. 
Pati ents were asked to complete daily measures of depressive symptoms and physical 
acti vity every evening, during a period of 3 months. Depressive symptoms were measured 
with the Depression module of the Pati ent Health Questi onnaire (24), which was adapted for 
daily use. The Pati ent Health Questi onnaire includes 9 items assessing depressive symptoms 
based on the DSM-IV criteria for major depressive disorder. The items were rated on a 
4-point scale ranging from 0 to 3. The sum score (0-27) was used as a measure of depression 
severity. Level of physical acti vity was measured by seven items describing physical acti viti es 
(commuti ng acti viti es, work acti viti es, household acti viti es, sports, and other leisure 
acti viti es), of which pati ents had to report the amount of ti me in minutes they had spent on 
them (16). The total daily amount of ti me being physically acti ve was used in the analysis. 
To encourage compliance to the daily assessments, pati ents were promised that they 
would be provided with a personal report of the assessments results aft er completi on of 
the assessments. They were also off ered a small gift  certi fi cate of 25 euros. During the study 
period, one pati ent dropped out aft er 2 weeks, because he was too busy at work and could 
not manage to complete the daily assessments. This pati ent was not included in the analysis.
VAR model
The basic VAR model used in this study, was the same model as the one used by Rosmalen 
et al. The model consists of a system of two endogenous variables, namely, depression and 
physical acti vity, and included the following regression equati ons: 








are the coeffi  cients to be esti mated, p is the number 
of lags considered in the system, and the ε
t
 is the stochasti c error term. Each endogenous 
variable is made up of a constant, a regression coeffi  cient determined by its own p lagged 
value, a regression coeffi  cient determined by the p lagged value of the other variable, and 
a random error component. The error terms should be serially uncorrelated but can be 
contemporaneously correlated. Potenti al confounding factors can be accounted for by adding 
a control variable to the VAR model (not included in the formulas). This control variable is an 
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There are four main assumpti ons that need to be met for a VAR model to be valid. The stability 
assumpti on requires that the VAR model is stable, i.e. that it is stati onary over ti me. The 
‘white noise’ assumpti on requires a model to leave no autocorrelati on in the residuals. The 
homoscedasti city assumpti on requires homogeneity of variance over ti me. The normality 
assumpti on requires the residuals to be normally distributed. 
In the Rosmalen study, the VAR analyses were performed in STATA 11 soft ware, using 
the suite of VAR commands (28). AutoVAR uses the existi ng R soft ware package for VAR 
modeling (vars (25)).
output of AutoVAR
For pati ent 1 of the study by Rosmalen et al. (16), AutoVAR generates the following output 
(see Table 1, fi rst column). It provides a ti me plot of the acti vity and depression series, 
showing how acti vity and depression fl uctuate over ti me. Furthermore, the textual output 
of AutoVAR summarizes the VAR model selecti on procedure. Forty-three VAR models out 
of 216 possible combinati ons were tested (19.9%). 216 is the maximum number of models 
that can be created in the combinatorial search space, with a maximum lag length set on 
2 (i.e. 2 days). 173 models were not tested due to redundancy. Of the 43 models tested, 2 
of them appeared to be valid, meaning that they met the assumpti ons of stability, ‘white 
noise’, homoscedasti city and normality. Both models indicated that physical acti vity Granger 
caused depression and that the sign of the associati on was negati ve. In AutoVAR, the best 
model was presented on top, with an AIC of 631.22 and a BIC of 655.41.
The results of the Granger causality tests of all valid models are summarized visually, in a 
rather self-explanatory image (see Figure 2). The thickness of the line connecti ng ‘Acti vity’ 
with ‘Depression’ indicates the proporti on of valid models in which this Granger causal 
associati on was found (the thicker the line, the more models), which can be interpreted 
as the probability of the eff ect. The arrow shows the directi on of the associati on. The line 
style (or, in AutoVAR the color of the line), designates the sign of the associati on: conti nuous 
= a positi ve associati on, dashed with equal dashes = a negati ve associati on, dashed with 
unequal dashes = a mixed positi ve and negati ve associati on within model (i.e. esti mates 
show a positi ve and a negati ve sign, at diff erent lags, within the model), dashed with points 
= mixed positi ve and negati ve associati on among models (i.e. some models show a positi ve, 
some a negati ve sign). From the image (Figure 2a), one can infer that for pati ent 1 inacti vity 
is likely to Granger cause an increase in depressive symptoms, whereas there is no indicati on 
that it is the other way around.
For the other three pati ents in the Rosmalen study, the Granger causality images 
generated by AutoVAR are presented in Figure 2b, 2c, and 2d. For the data of pati ent 2, 
AutoVAR concludes ‘Granger causality summary: none’. The data of pati ent 2 did not show 
any Granger causal associati ons, meaning that no image could be created. For pati ent 3 and 
figure 2. Granger causality plots
4, the image shows that their depressive mood is likely to Granger cause them to become 
physically inacti ve, whereas there is no indicati on that inacti vity Granger causes depression. 
These Granger causality images provide diagnosti c informati on that can be used rather 
intuiti vely to guide pati ent-tailored treatment decisions. If the ti me series data of pati ent 
1 show that inacti vity is likely to increase depressive symptoms, then it makes sense to 
advise this pati ent to become more acti ve, as this may have a positi ve eff ect on his mood. 
In contrast, pati ent 3 and 4 probably would not benefi t from this advice. They might profi t 
more from therapy targeti ng their depressive symptoms, such as pharmacotherapy or 
psychotherapy.
   
Automated analysis compared to manual analysis
Comparing the output generated by AutoVAR to the outcomes resulti ng from the manual 
analysis described by Rosmalen et al., we found rather similar results in terms of model 
specifi cati on, model validity, informati on criteria, and Granger causality esti mates (see 
Table 1). For pati ent 1, both methods found an opti mal lag length of 2, included no trend or 
seasonal variables (weekday dummies), required no log transformati on, and included the 
same four outlier variables. Furthermore, the top model in the ordering by AutoVAR (both 
AIC and BIC orders) matched the best model chosen in the manual analysis by Rosmalen et 
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Table 1. Comparison of AutoVAR output versus manual analysis output
AutoVAR analysis manual analysis
Pati ent 1
(T = 83)
Granger causality Wald test :
Increase acti vity → decrease depression 
(p=0.03)
Lag length: 2
Trend variable included: no
Weekday dummies included: no
Outlier variables: outlier dummies for day 4 
(Depression) and day 13 (Acti vity)
Log transformati on: no
BIC: 655.41
AIC: 631.22
Granger causality Wald test :
Increase acti vity → decrease depression 
(p=0.03)
Lag length: 2
Trend variable included: no
Weekday dummies included: no
Outlier variables: outlier dummies for day 4 
(Depression) and day 13 (Acti vity)





Granger causality Wald test: not signifi cant
Lag length: 1
Trend variable included: no
Weekday dummies included: no
Outlier variables: outlier dummy for day 12 
(Depression)
Log transformati on: yes
BIC: 390.07
AIC: 381.49
Granger causality Wald test: not signifi cant
Lag length: 1
Trend variable included: no
Weekday dummies included: no
Outlier variables: outlier dummy for day 12 
(Depression)
Log transformati on: yes
BIC: 386.15
AIC: 375.43
AutoVAR analysis manual analysis
Pati ent 3
(T = 63)
Granger causality Wald test: 
Increase depression → decrease acti vity 
(p<0.001)
Lag length: 2
Trend variable included: yes
Weekday dummies included: yes
Outlier variables: outlier dummy for day 5 
(Depression)
Log transformati on: no
BIC: 307.21
AIC: 275.06
Granger causality Wald test :
Increase depression → decrease acti vity 
(p<0.001)
Lag length: 2
Trend variable included: yes
Weekday dummies included: yes
Outlier variables: outlier dummy for day 5 
(Depression)





Granger causality Wald test: 
Increase depression → decrease acti vity 
(p=0.04)
Lag length: 1
Trend variable included: no
Weekday dummies included: no
Outlier variables: outlier dummy for day 27 
(Depression)
Log transformati on: yes
BIC: 398.59
AIC: 386.23
Granger causality Wald test:
Increase depression → decrease acti vity 
(p=0.04)
Lag length: 1
Trend variable included: no
Weekday dummies included: no
Outlier variables: outlier dummy for day 27 
(Depression)
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disCussion
In this paper, we provided a potenti al soluti on to bridge the gap between the use of intensive 
ti me series analysis in research and clinical practi ce by automati ng the analysis processes. 
Results suggest that automated ti me series analysis is feasible and that the output can 
be presented in an intuiti ve way. Automated analysis can make the role of the stati sti cal 
interpretati on less important and as such it saves a signifi cant amount of ti me. Whereas 
AutoVAR generates results in a few seconds, manual analysis may take several days. 
Automated analyti cal procedures and accessible visual presentati on of stati sti cal outcomes 
might pave the way for clinicians and pati ents to use methods such as EMA as an integral part 
of the treatment trajectory, without extensive training. As such, general treatment guidelines 
based on nomotheti c research could be complemented by idiographic-based informati on. 
This may support clinicians in taking a pati ent-tailored treatment approach. Although 
the personal narrati ve of pati ents remains an important basis for tailor-made treatment, 
intensive ti me series assessments can add informati on that clinicians are unable to see 
with the naked eye. We may even speculate that automated ti me series analysis provides 
opportuniti es for using EMA as part of self-management processes. If pati ents are able to 
analyze and interpret their own data, they may fi nd it helpful to monitor themselves and 
map their symptoms or functi oning in certain situati ons or periods. A promising perspecti ve 
is sketched by Nikles et al. (29) who conducted a study among pati ents with ADHD and 
osteoarthriti s parti cipati ng in idiographic research, and found that the assessments led 
to increased knowledge and awareness of their conditi on, a bett er management of their 
bodily functi ons, and a sense of empowerment. We should note that if pati ents use EMA 
assessments for self-monitoring, they may change their behavior in response to their data, 
which implies that the resulti ng ti me series may no longer be stati onary. However, these 
changes in behavior can be accounted for in the VAR model by adding a trend variable to 
the model. 
Nevertheless, for such scenarios to be realized, further development is needed, and 
several issues need to be thought through. First of all, the functi onality of AutoVAR needs 
further validati on and refi nement. In this study, we applied AutoVAR to replicate the results 
of the manual analysis conducted by Rosmalen et al. Analysis of additi onal datasets is 
needed in order to validate the applicati on for general use. Whereas the output of AutoVAR 
was rather similar to the manual output of the Rosmalen study and the most important 
output, namely the directi ons of the Granger causality relati onships were identi cal, the 
model selecti on criteria (AIC and BIC) were not exactly the same in the diff erent procedures. 
This may be due to diff erences in opti mizati on algorithms in STATA versus R and therefore 
needs a more thorough scruti ny of discrepancies between the stati sti cal packages in 
future research. An important questi on in this context is how to determine the validity of 
diff erent procedures. In this paper, we compared automated analysis to manual analysis. 
Nevertheless, the manual analysis need not be the golden standard. The major advantage 
of a manual procedure is that a researcher can make informed decisions about the analysis 
process in a way that an applicati on like AutoVAR can perhaps never do. These decisions 
are, however, subjecti ve. They may depend on the researcher’s experience, preference, 
and ‘staying power’. As a consequence, valid ti me series models might be overlooked in 
a manual procedure. AutoVAR, in contrast, takes into account all possible models, thus 
following a more objecti ve procedure. A limitati on of this latt er procedure is the risk of 
capitalizati on on chance. By testi ng many models, AutoVAR may generate more incidental 
fi ndings. In the current version of AutoVAR, we tried to minimize this risk in three ways: (1) 
by not running redundant models, (2) by an extensive check of validity assumpti ons, and (3) 
by summarizing the results of the Granger causality tests in an image in which the thickness 
of the arrow indicates the probability of the eff ect.
AutoVAR needs further development. The automated processes of the current version 
of AutoVAR needs to be opti mized. AutoVAR cannot yet handle missing data. VAR models 
can be processed with missing values, but this is subopti mal as this usually decreases the 
number of observati ons considerably, and thus decreases stati sti cal power. Data collected 
from assessments completed at non-equidistant ti me intervals need to be preprocessed 
before AutoVAR can analyze them. There is as yet no functi onality in Autovar to use spline 
smoothing and resampling of data. Moreover, AutoVAR currently functi ons most opti mal 
when several setti  ngs are set manually. The lag length is one of these setti  ngs. AutoVAR 
has also several opti ons that users can choose to check or leave blank, such as setti  ng 
ti mestamps and adding additi onal exogenous variables based on pati ent informati on. These 
issues need to be solved before using automated analysis in clinical practi ce. In additi on, the 
user interface of AutoVAR has a rather technical look-and-feel and therefore needs a radical 
redesign to meet the criteria of user-friendliness for clinical practi ce. We are currently 
working on an improved version of AutoVAR in which we will account for these issues. 
One of the most important limitati ons of idiographic analyses compared to nomotheti c 
analyses is their presumed limited generalizability. What holds for one individual is not 
necessarily true for another. Nevertheless, the questi on is whether this limitati on needs to 
be overcome in the context of clinical psychiatric practi ce, for in this context the presumed 
weakness of idiographic research can also be considered one of its main strengths. If the 
main aim is to elucidate the specifi c temporal patt erns of symptoms or experiences, their 
triggers, and their eff ects on functi oning within one specifi c pati ent, then the argument 
of generalizability to a larger populati on does not hold. The principal requirement for a 
meaningful use of intensive ti me series analysis as a supporti ve means in diagnosti cs and 
treatment concerning a specifi c individual, is that the models selected provide a good 
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Nevertheless, what remains is the issue of generalizability over ti me, within an individual. 
Whether or not the results of ti me series analysis need to be generalizable to the individual 
pati ent on multi ple moments depends on the context. In those treatment contexts in which 
one is mainly interested in the temporal dynamics of variables in a specifi c ti me window, 
a single ti me series analysis may suffi  ce and its results do not need to be generalizable to 
other points in ti me. Nevertheless, if one wants to generalize within one individual over 
ti me, for instance when the aim is to unveil the temporal dynamics of variables that are 
assumed to be rather stable, a second ti me series analysis may be needed to confi rm the 
explorati ve results of the fi rst analysis. 
Finally, instead of having nomotheti c research replaced by idiographic research, the most 
ideal situati on may be a combinati on of both. Gates et al. (30) presented a procedure called 
Group Iterati ve Multi ple Model Esti mati on (GIMME) that enables individual-level modeling 
while simultaneously identi fying commonaliti es across individual models. Furthermore, 
ti me series analysis provide informati on about relati onships between variables over ti me, 
but not about the meaning of mean levels of the variable values. To evaluate the level of 
variable values (e.g. evaluati ng scores as falling into a clinical or non-clinical category), 
clinicians and pati ents may profi t from relati ng ti me series data to populati on-based norms.
implementati on and future perspecti ves
The benefi ts of automated ti me series analysis can only be fully exploited when it is embedded 
in an ‘EMA-friendly’ clinical context. Just like the analysis and interpretati on processes, the 
collecti on and management of data also need to be facilitated. This may best be realized by 
integrati ng ti me series assessments in the existi ng informati on technology infrastructure 
used by clinicians and pati ents, such as systems for Routi ne Outcome Monitoring (ROM). 
In the Netherlands, almost all mental health organizati ons use electronic ROM systems, 
which off er clinicians and pati ents the opportunity to select and complete questi onnaires 
and other measurements, of which the results are automati cally presented in the electronic 
pati ent fi les. These systems were created for the mandatory yearly routi ne assessments 
among pati ents in which health care eff ects are examined. However, several systems are 
now extended with functi onality for frequent and repeated assessments, for instance by 
means of a diary app (e.g. (31)). 
To facilitate intensive ti me series measurements, the electronic monitoring systems should 
include a specifi ed set of reliable instruments which are appropriate for ti me series analysis 
of parti cular variables. From this set of instruments, clinicians can select the variables 
relevant for the situati on of specifi c pati ents. Time series diaries might also be automati cally 
composed by having variables selected based on deviati ng scores on completed ROM 
measures. Time series measurements need not be restricted to self-report questi onnaires. 
Current technological developments have given rise to smart and consumer-priced mobile 
devices measuring heart rate, acti vity, sleeping behavior, and so on. An increasing number 
of devices have a so-called open Applicati on Programming Interface (API), meaning that the 
data collected by these devices can be used by and be integrated in existi ng applicati ons. 
Provided that they are validated, these devices can be excellent EMA measures. They oft en 
collect data automati cally, so that minimal input is needed from the person who carries the 
device. 
If pati ents are willing to parti cipate in intensive ti me series measurement, they will have to 
deal with a long series of assessments. Moti vati on to complete the assessments is therefore 
crucial. A key element in moti vati ng pati ents for EMA is demonstrati ng pati ents the personal 
and theoreti cal benefi ts EMA can have for them prior to the assessments (32). Furthermore, 
during the assessment period, feedback on completed assessments may encourage pati ents 
to conti nue to next assessments. This feedback can consist of basic informati on about the 
percentage of successfully completed assessments or more advanced feedback about results 
obtained so far. Apart from the length, the repeti ti veness of the assessments has shown to 
be an important obstacle in completi ng a ti me series (32). A possible remedy to this problem 
may come from computerized adapti ve testi ng and machine learning processes which can 
provide the basis for dynamic assessments, adapted to the individual (32). 
Future studies should examine whether pati ents and clinicians are actually willing and 
able to use ti me series analysis in an individual care trajectory, and how intensive ti me 
series analysis can best be integrated in the daily clinical routi ne. In additi on, we need to 
investi gate whether pati ent-tailored treatment advice, based on the analysis, can improve 
clinical outcomes. Aft er all, this is the ulti mate test to determine the actual validity of 
intensive ti me series analysis for clinical practi ce. 
ConClusion
In this paper, we have conducted a proof-of-principle study which has demonstrated the 
viability of a quanti fi ed idiographic approach in clinical practi ce by using automated ti me 
series analysis. Compared to a manual procedure, the automated procedure is more robust 
and saves a signifi cant amount of ti me. In additi on, the output of automated ti me series 
analysis can be presented in an intuiti ve way. These fi ndings may pave the way for clinicians 
and pati ents to use intensive ti me series analysis as an integral part of the treatment 
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E-mental health is a new and challenging fi eld of research, a territory waiti ng to be explored. 
The main aim of this thesis and its related PhD project was to investi gate the fi eld of 
e-mental health for people with a psychoti c disorder, and to develop and evaluate a web-
based personalized advice system for this target group. I will fi rst briefl y summarize the 
main fi ndings of the separate chapters of this thesis. Next, I will describe the lessons learned 
during my PhD project, integrati ng the main chapter fi ndings with the knowledge and skills 
acquired during the development of the web-based advice system. I will then discuss 
whether e-mental health puts pati ents in the driver’s seat, and refl ect on complexiti es in 
the e-mental health discourse. Finally, I will point out limitati ons of our fi ndings, and sketch 
future perspecti ves outside the medical scienti fi c box. 
mAin findinGs of THis THesis
In this thesis I fi rst provided an overview of the existi ng e-mental health interventi ons 
developed to support self-management in people with a psychoti c disorder, and showed 
that a variety of interventi ons have been developed targeti ng diff erent self-management 
domains (chapter 2). Second, I reviewed the self-report version of the Camberwell 
Assessment of Needs (CANSAS-p) as a potenti al instrument for the screening of care needs 
and thereby the possible identi fi cati on of relevant self-management domains. I found 
the CANSAS-P to be a reliable and rather user-friendly instrument (chapter 3). Both these 
chapters were part of background research that I conducted prior to the development of a 
web-based support system for people with a psychoti c disorder, which I described in a third 
part of the thesis (chapter 4, 5, 6 and 7).  
The purpose of the web-based support system, which was developed by my colleague 
and I from Computi ng Science, was to make Routi ne Outcome Monitoring results more 
accessible to service users and to provide them with personalized informati on and advice 
based on these results. In a usability study (chapter 5), we showed that service users with a 
psychoti c disorder were able to work with the web system. In an att empt to investi gate the 
eff ecti veness of the system, we conducted a randomized controlled trial (chapter 7). Results 
showed that more than one third of the pati ents who were provided access to the support 
system actually used it, with or without assistance. The response rate was relati vely low 
and no diff erences were found between interventi on and control conditi on on perceived 
involvement in medical decision-making. This could be partly explained by subopti mal 
implementati on of the web-based interventi on in clinical practi ce. Implementati on of 
innovati ve technological interventi ons is a multi faceted process of which the complexity 
can hardly be overesti mated. 
In the last part of this thesis, I explored future perspecti ves in e-mental health for people 
with a psychoti c disorder and others. I fi rst introduced the concept of serious gaming and 
provided an overview of serious gaming interventi ons for mental health problems (chapter 
8). Results showed that serious gaming is a developing research area. Some preliminary 
positi ve outcomes were reported for gaming interventi ons in various pati ent groups. In a 
second arti cle describing future perspecti ves, I discussed the use of automated intensive 
ti me series assessments in clinical psychiatric practi ce, which could be seen as a more 
intensive counterpart of the yearly Routi ne Outcome Monitoring assessments (chapter 9). I 
envisioned how automated ti me series analysis could functi on as a decision aid for clinicians 
and pati ents in the course of treatment and possibly as a supporti ng tool in service user 
self-management.
lessons leARned
Integrati ng the scienti fi c evidence and practi cal knowledge collected during the past four 
years and placing it in a broader context, I have learned three central lessons. 
lesson 1: e-mental health is an underdeveloped area in psychosis care 
Throughout this thesis, and especially in chapter 2, various e-mental health interventi ons for 
psychosis have been reviewed. The interventi ons vary from online psychoeducati on modules 
(1) and medicati on management programs (2) to web-based decision aids (3), and support 
systems for life style management (4). Nevertheless, the scienti fi c evidence base for these 
interventi ons is thin. Half of the interventi ons described in chapter 2 were only investi gated 
for usability and acceptability, not for their eff ect on outcomes. Most of the randomized 
controlled trials (RCTs) that I reported on had a small sample size, and in some of them 
convenience sampling was used as the main recruitment method. For many interventi ons 
it is unclear what happened to them aft er the study, whether they were followed-up by 
additi onal research or whether the interventi on was implemented in regular psychosis care. 
Since the review of chapter 2 was completed, one other systemati c review about e-mental 
health for psychosis has been published (5). This review focuses on computer-based 
psychoeducati onal interventi ons and presents a meta-analysis summarizing the outcomes 
of six RCTs conducted in the last ten years. The authors conclude that technology-based 
psychoeducati onal interventi ons on top of standard care have no clear benefi ts compared 
with standard care only (5). However, main limitati ons were that studies were underpowered 
and used a variety of delivery methods and outcome measures (5). In additi on, a criti cal 
review has been published discussing the status quo of internet-based interventi ons for 
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argue that online-based interventi ons have been well-received by people with psychosis and 
their carers, and that new technologies have the potenti al to overcome major challenges for 
this pati ent group. They conclude, however, that the use of internet-based technologies in 
psychosis care has been neglected and is overdue (6). Indeed, the scarcity of the e-mental 
health literature focusing on psychosis can be contrasted with multi ple reviews and meta-
analyses of e-(mental) health interventi ons that have been published related to other 
psychiatric disorders, such as anxiety and depression (e.g. (7-12), and long-term somati c 
diseases, such as diabetes and heart disease (e.g. (13-19)). More systemati c research is 
therefore needed in order to determine what e-mental health interventi ons work for people 
with a psychoti c disorder. For that to be realized, a psychological barrier may have to be 
overcome. This is discussed in the next lesson.
lesson 2: Having psychoti c problems does not make one unsuitable for e-mental health 
As I indicated in the introducti on to this thesis, doubts have been raised regarding the 
suitability of technological interventi ons in the care for people suff ering from psychoses. This 
may explain the underdevelopment of the e-mental health area described in the previous 
lesson. There is, however, no convincing evidence indicati ng that one should hold back on 
developing e-mental health interventi ons for this target group. It is true that not all people 
with psychosis are able and willing to use e-mental health services (see chapter 7). Some 
may be too ill and some do experience paranoid ideas when confronted with computers 
or webcams, which can interfere with effi  cient use of technology (20). Nevertheless, care 
should be taken to not over interpret signs of supposed ‘unsuitability’. 
First, general ideas about e-mental health not matching well with psychoti c experiences 
tend to be exaggerated by incidental fi ndings that are blown up to massive statements. In 
2011, Nitzan et al. (21) published an arti cle describing three case studies of pati ents with 
psychoti c problems using social media, concluding that “the unique features of computer 
mediated communicati on might contribute to the formati on of psychoti c experiences” (21). 
Since publicati on, this arti cle has been cited in many online news messages, ending up in 
the recent headline ‘Facebook causes psychoti c episodes and delusions’ (22). Messages like 
these seem to set a certain mindset in which internet technology becomes a risk factor 
for some pati ent groups. However, there is no consistent scienti fi c evidence that validates 
this idea. Multi ple case studies have reported about pati ents experiencing internet-
related delusions (e.g. (23-25)). These studies, however, are no proof that technological 
developments infl uence the eti ology of delusions, but rather show that the content of 
delusions is aff ected by changes in the society pati ents live in (26). As such, the occurrence 
of internet-related delusions can just as well be interpreted positi vely, as a sign that people 
with a psychoti c disorder are involved in their surrounding world. 
Second, problems that people with psychosis might experience in using technology need 
not be taken as essenti ally diff erent from that of other users. People diagnosed with a 
psychoti c disorder suff er from cogniti ve disabiliti es, such as diffi  culti es with concentrati on 
and informati on processing (e.g. (27,28). This may pose challenges in working with computer 
programs and websites. Research has shown that, when visiti ng websites, people with a 
psychoti c disorder can struggle with sti mulus overfl ow, processing large amounts of text 
or informati on, and remembering previous steps in a navigati on process ((20,29,30), see 
also chapter 5). This has made researchers to conclude that people with cogniti ve defi cits 
associated with a psychoti c disorder have disti nct and specifi c design needs compared to 
general users (20,29). A conclusion like this can functi on as a barrier to developing e-mental 
health applicati ons for this target group. I wonder, however, whether the design needs of 
people with psychoti c experiences actually need to be taken as disti nct. In the design of our 
web-based support system we took account of the specifi c recommendati ons formulated 
for user interface design for people with psychoti c problems (20,29), but we did not comply 
with all of them. Although service users reported some obstacles in the use of our support 
system, they seemed not to encounter problems that were hypothesized in the literature, 
such as the use of bright colors (chapter 4). The fact that people with psychoti c problems 
have trouble with sti mulus overfl ow and processing navigati on steps does not make them 
unique. Aft er all, who is not bothered by overcrowded web pages that are fl ooded with 
fl ickering ads that lead you to pages upon pages with informati on? The formal requirements 
that user interfaces have to meet to be successfully processed by people with psychoti c 
problems might be rather similar to those of the average user. The diff erence between users 
with and without psychoti c experiences could be conceived as more gradual: people with 
cogniti ve limitati ons may experience extra diffi  culty with complex interfaces than people 
without these limitati ons. Instead of taking this as an argument for concluding that e-mental 
health is less suitable or more complex for pati ents with psychosis, I would propose to 
interpret it as a plea for extra care to be taken in designing user interfaces, and for involving 
end users as co-creators in designing processes. 
Third, concerns have been raised about internet use leading to increased or sustained 
isolati on of service users and disengagement with health care providers (31). A famous 1998 
study investi gati ng the eff ect of internet use on social involvement reported that greater 
use of internet-based communicati on was associated with declines in social parti cipati on 
(32), which has come to be known as ‘the internet paradox’ (32). The conclusions of the 
1998 study were nuanced in a follow-up study in which the authors argued that internet 
use follows a ‘rich get richer’ model implying that internet use has good outcomes for those 
users who have suffi  cient social support and worse outcomes for those who have less social 
support (33). Given that many people with a psychoti c disorder are socially isolated, this 
model hypothesizes increased isolati on for this group of internet users. However, recent 
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can improve access to care and to peer support, and diminish the risk for social isolati on 
by enabling the creati on of social connecti ons from a distance (e.g. (34)). Focusing on 
people with a psychoti c disorder, a recent Israelian study showed that service users use 
the internet to create virtual social relati onships in a similar way as people with common 
mental disorders and healthy individuals, and that some of these virtual relati onships led to 
friendly and romanti c real-life relati onships (35). In additi on, a 2013 Australian pilot study 
investi gated preliminary eff ects of moderated online social therapy as a method to conti nue 
treatment benefi ts beyond discharge from specialized services (36). Results showed that 
service users felt socially connected and engaged with mental health services (36). What is 
more, in the Netherlands, there is the successful online Schizforum, a closed peer support 
forum aimed at and managed by service users with a psychoti c disorder. This forum was 
launched in January 2006 and currently has 350 members, 60 of whom log on daily. Regular 
topics discussed are medicati on use and personal care but members also exchange music 
and YouTube videos. The forum has been used to organize real life meeti ngs, such as a boat 
trip through the Utrecht canals, or a visit to the Arnhem zoo (37). 
A fi nal point in this lesson is about costs. From a cost perspecti ve, people with a severe 
mental illness tend to be considered less suitable for e-mental health. E-mental health is 
oft en promoted as a cost-saving strategy in that computerized interventi ons can (partly) 
substi tute expensive face-to-face contact. For instance, online self-help or guided 
interventi ons for people with mild depressive or anxiety problems are thought to save 
money that otherwise has to be spent on consultati ons with a clinician on locati on. Online 
self-help interventi ons, however, will not suffi  ce in the treatment for people with psychoti c 
problems. In most situati ons, additi onal care will be necessary. In fact, researchers have 
claimed that in psychosis care online interventi ons should be developed only to supplement 
existi ng models of care, and not replacing them (6). As such, no immediate fi nancial gains are 
to be expected from developing e-mental health services for people with psychosis. Given 
the enormous fi nancial challenges the health care sector is faced with, this point needs to 
be taken seriously. Nevertheless, one should not be fi xated on the short-term, as profi ts 
may be gained on a longer term. For instance, if smart technology enables service users 
to practi ce self-management and supports them in living their lives as they prefer most, 
they eventually may consume less professional care. Although this assumpti on has yet to be 
proven correct, there is no doubt that the only way this can be achieved is by making service 
users familiar with the use of internet technology in an early stage. Therefore, investi ng in 
(access to) technology now may be necessary to save costs later. This is the central idea 
behind the European Union’s ‘e-inclusion’ policy which “aims to achieve that “no one is left  
behind” in enjoying the benefi ts of ICT” (38), and is esti mated by European Commissioner 
for Digital Agenda Neelie Kroes to save 30 billion euros per year (39). 
lesson 3: e-mental health research magniﬁ es challenges in the academic way of working 
In carrying out the project that the research in this thesis was based upon, I faced 
various challenges related to the project’s pioneering character. These challenges are not 
necessarily unique to e-mental health research, but they seem to be magnifi ed by the fact 
that innovati ve technology was involved. 
First, I ran into the problem that technological developments and research developments 
tend to move at a diff erent pace. The original proposal writt en for my research project 
was granted by ZonMw in 2009. The research project was designed such that in the fi rst 
two years, a smart ICT applicati on would be developed, which was to be evaluated in 
the two succeeding years. The requirements for the ICT applicati on were to be based on 
a service users’ needs assessment. At the end of 2009, my colleague and I fi nished the 
needs assessment and sketched two prototypes of the applicati on to be built. During the 
development process, however, we were faced with rapid growth of technological advance 
in the context in which we operated that forced us to adjust our plans. For instance, several 
mental health organizati ons started using video communicati on systems, and web-based 
pati ent portals providing pati ents access to their personal fi les and to online interventi ons. 
This altered the health care infrastructure that our applicati on was to be embedded in. 
The development process therefore involved conti nuous evaluati on, readjustment, and 
anti cipati on on possible future scenarios. At that point I fi rst fully realized that development 
processes never end. For technology to survive, it needs constant development. This does 
not sit well with the traditi onal academic method of interventi on development, which tend 
to be characterized by subsequent stages of defi niti on, design, development, evaluati on, 
and implementati on. This sequenti al format seems to be analogous to what in soft ware 
development is called a ‘waterfall model’, in which progress is assumed to steadily fl ow 
downwards. The waterfall model is generally considered as fl awed, since it cannot work 
with changes in user requirements and available technologies that emerge during the 
development process. Contemporary soft ware models are characterized by iterati ve 
development, allowing for rapid changes and conti nuous refi nement. In developing e-health 
interventi ons, medical researchers, too, should modernize their approach and let go of too 
clearly defi ned and planned project formats and permit a more iterati ve pace. 
Second, the innovati ve nature of technological interventi ons tends to be at odds with 
traditi onal research designs, such as the randomized controlled trial. First of all, the 
traditi onal RCT design is a rather rigid, ponderous and ti me-consuming method that does 
not move along with the dynamics of technological interventi ons. In an alternati ve approach, 
processes might be speeded up by dividing research into smaller (less parti cipants) and 
shorter (reduced length) parts, and by having data collected and analyzed real-ti me. 
However, apart from the fact that the RCT design cannot easily account for the dynamics 
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RCT do not opti mally inform us about the innovati ve eff ects of innovati ve interventi ons. This 
is what Jeanett e Pols argues in her book Care at a distance – on the closeness of technology 
(40). Pols contends that there hardly is any evidence on the workings of e-health, despite the 
piles of individual studies that have been conducted. According to her, this lack of evidence 
results from a fundamental misfi t between the nature of innovati ve care practi ces and 
the design and rati onale of the studies investi gati ng these practi ces. Pols menti ons three 
characteristi cs of the RCT that do not match with studying innovati ons (41). First, RCTs cannot 
deal with unanti cipated outcomes. In an RCT, outcomes are fi xed and defi ned at the start 
of the study, whereas innovati ve practi ces involve the craft ing of new outcomes. Second, 
RCTs ignore practi cal knowledge rather than use, develop and substanti ate it. During a study 
investi gati ng an innovati ve interventi on, parti cipants oft en develop practi cal knowledge 
about diff erent uses and normati ve problems with the interventi on. This knowledge is 
considered ‘subjecti ve’ knowledge in an RCT design and therefore excluded. Third, the 
constructi on of an RCT interferes on a practi cal level with the constructi on of innovati ve 
practi ces. The rigorousness of an RCT does not match with the fact that innovati ve practi ces 
are ‘sites under constructi on’. 
As an alternati ve to the rigorous research designs that medical researchers are used to, 
Pols off ers, what she calls, ‘uncontrolled fi eld studies’ (41). Uncontrolled fi eld studies are 
supposed to be fl exible forms of research in which it is “not the scienti sts but the carers, the 
cared for and the other care parti cipants who construct the research site by (re)constructi ng 
the site of care. They work with the devices and are the sources of relevant knowledge 
on what the devices do and what they do with the devices” (41). Whereas I am not sure 
whether uncontrolled fi eld designs will provide researchers with suffi  cient straightf orward 
informati on about the evidence of innovati ve care practi ces, I do believe Pols’ arguments 
are important for e-mental health research. In many studies investi gati ng e-mental health 
interventi ons, the exact workings of interventi ons, the ways in which it changes health 
care practi ce, remain unclear. In order to investi gate the true potenti al of innovati ve 
interventi ons, one needs to look beyond results of predefi ned quanti tati ve pre, post, and 
follow-up assessments and open up the black box of what is happening in between. 
Third, the traditi onal culture of knowledge disseminati on in medical research does not 
opti mally fi t with the e-mental health practi ce. Aft er data collecti on in a research project has 
fi nished, it may take a year or more before research results are published. Given the rapid 
technological developments, the results concerning a parti cular technological applicati on 
may be obsolete at the ti me they are available to the clinical fi eld. This phenomenon is, of 
course, not unique to the medical scienti fi c discipline, but there are also disciplines in which 
knowledge disseminati on is performed in an alternati ve and much faster way. In Computi ng 
Science, standard practi ce is to write a conference paper, and present full research results 
on a conference (42). Publicati on of a journal version of the conference paper is oft en 
secondary. Nevertheless, this parti cular practi ce has recently become topic of debate in 
computi ng science (e.g. (42-44). Conference proceedings have been criti cized for not being 
suffi  ciently peer-reviewed and someti mes lacking scienti fi c quality. Some researchers 
have called for a reassessment of journal publicati ons, whereas others point to the severe 
limitati ons due to the ti me-consuming review processes. Computer scienti sts Halpern and 
Parkes take a compromise positi on and argue that, to level with other disciplines, computer 
scienti sts should use conferences for rapidly disseminati ng knowledge, and journal papers 
for acquiring scienti fi c certi fi cati on (42). Given the increasing emergence of innovati ve 
technology in health care, medical scienti sts should also feel the urge to rethink existi ng 
practi ces of knowledge disseminati on. The rise of open access journals may be important 
in this matt er, as these journals seem to provide opportuniti es for speeding up publicati on 
processes. 
Finally, an academic e-mental health development project, per defi niti on, is 
multi disciplinary. The implicati on is that research parti cipants, who initi ally do not speak 
each other’s language, have to come to terms with the aims and course of a project. End 
users need to have a central place in all stages of the project. Oft en commercial parti es 
are involved who may have marketi ng interests. Administrators are needed to manage 
product deliverables aft er release and to keep them up to date. Researchers want to write 
papers. Therefore, academic e-health projects are characterized by a complex interplay 
of stakeholders. In my project, this interplay was something I had to grow into. It was a 
process characterized by trial-and-error, but with meaningful outcomes. What appeared 
to be crucial for successful collaborati on was to work with team members who were able 
and willing to transcend boundaries of their expert fi eld and had curiosity in alternati ve 
views. The fi nal deliverables resulti ng from the project collaborati on are two PhD theses 
and a prototype applicati on. The prototype applicati on is imperfect and not yet ready for 
implementati on. Fortunately, it will be further developed and put into practi ce, as part of a 
newly funded project run by Prof. Dr. Rosmalen at the University Medical Center Groningen. 
PATienTs in THe dRiVeR’s seAT
So far, I have summarized my main fi ndings and outlined the lessons learned, but I have not 
yet answered the most crucial questi on that was brought up by this thesis: can e-mental 
health put pati ents in the driver’s seat? In other words, does it enable empowerment 
and self-management? Will it increase shared decision making and contribute to personal 
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yes, it can… 
There is no doubt that e-mental health services can support service users to take matt ers 
in their own hand. Key aspects in pati ent empowerment and self-management are access 
to reliable informati on on the right moment, and the opportunity to use and produce 
experienti al experti se. Informati on and communicati on technologies, by their very nature, 
are equipped to realize these aspects. In chapter 2, several examples are discussed of e-mental 
health applicati ons that enable service users to access reliable informati on about symptoms 
and treatment (1), to add their perspecti ve to the treatment plan (45), and to formulate 
and share their concerns and personal preferences regarding anti psychoti c medicati on (3). 
Furthermore, there are several practi cal initi ati ves that show how internet technologies 
give a powerful voice to pati ents. For instance, the website Pati entsLikeMe.com provides a 
platf orm for pati ents with varying mental and somati c diseases to collect, share and discuss 
informati on about symptoms, treatment, and services (46,47). Pati entsLikeMe was founded 
in 2004 and had over 200.000 members in August 2013. A Dutch example is MijnZorgnet.nl, 
which is an online platf orm used by pati ents to discuss health care issues both with peers 
and professionals, and to keep a personal health record. A European report lists another 109 
examples of e-health projects designed to support pati ent empowerment (48). 
However, a diffi  cult point is that research has not resulted into robust and quanti fi ed 
data about the degree of empowerment, self-management, shared decision making and 
personal recovery associated with e-mental health interventi ons (Alpay et al., 2010). In fact, 
most studies, including my own (chapter 7), were not designed to measure these parti cular 
concepts. If pati ent-centered measurements are included, they tend to focus on concepts 
like sati sfacti on or quality of life. The reason for this is a lack of validated and sensiti ve 
instruments that are suited to measuring the relevant concepts. An obvious problem with 
measuring personal recovery is that the concept is supposed to refer to a ‘deeply personal 
and unique process’ (49). The individual character of personal recovery complicates 
operati onalizati on to mainstream research instruments, which are used to compare 
individual rati ngs with norm scores (50). Similar diffi  culti es seem to hold for empowerment 
and the other related concepts. Therefore, in order to be able to prove the empowering 
qualiti es of e-mental health in numbers, alternati ve ways of measuring may have to be 
considered. 
…but it does not do so per se
E-mental health has the potenti al to support self-management and empowerment, but it 
does not do so per se. In chapter 2, I referred to a criti cal analysis of video communicati on 
(telecare) by Maartje Schermer (51). Counterbalancing the enthusiasti c stories about the 
empowering potenti al of ‘care at a distance’, Schermer argues that there are two possible 
scenarios (51). Either the use of video communicati on functi ons in such a way that it supports 
service users in their empowerment. They can have 24/7 access to care, and they can contact 
a clinician at the parti cular moment that they need help. Or it ends up in a Big Brother 
scenario, in which clinicians are watching pati ents and monitor how they are doing, within 
their private setti  ng. Other examples of situati ons in which e-health technology for pati ents 
is not necessarily empowering, are those situati ons in which pati ents monitor themselves 
and collect informati on, but do not receive relevant feedback that they themselves can 
act upon. For instance, in the industry-sponsored ITAREPS (Informati on Technology Aided 
Relapse Preventi on Programme in Schizophrenia) project (52), pati ents and family members 
were invited to use a mobile phone to complete a 10-item weekly questi onnaire enquiring 
aft er signs warning for a potenti al psychoti c episode. The technological system was built 
such that if item scores would exceed a certain threshold, an immediate alert was sent 
to the pati ent’s psychiatrist. This alert instructed the psychiatrist to call his pati ent and to 
increase anti psychoti c medicati on dose with 20 percent within the 24 hours following. The 
idea was that by having pati ents provide informati on about warning signs, psychiatrists could 
increase medicati on on crucial moments, so that relapses could be prevented. Although the 
ITAREPS program is not explicitly presented by its authors as a program to support pati ent 
empowerment and self-management – these parti cular terms are not menti oned – it is 
presented to “signifi cantly improve and speed up communicati on between the pati ent and 
his/her outpati ent psychiatrist” and “help the pati ents to stay in touch with their doctors 
regardless of their actual availability” (53). Staying in touch in this case is, however, a rather 
one-way process. Pati ents monitored themselves conti nuously, but had no access to the 
data and could not use these data to judge whether any acti on should be taken, for instance 
whether they should contact their psychiatrist. In additi on, no actual communicati on 
was involved. Communicati on usually is a process in which two or more people exchange 
informati on, whereas the main part of the ITAREPS program consisted of pati ents providing 
informati on and clinicians receiving it. These examples show that calling a technological 
interventi on empowering does not necessarily make it that. Technology does not always 
functi on in accordance with its makers’ intenti ons or asserti ons. 
A CloseR looK on THe e-menTAl HeAlTH disCouRse
In the previous secti on, I emphasized the potenti al of e-mental health for pati ent 
empowerment, while at the same ti me indicati ng that this potenti al cannot be taken 
uncriti cally. E-mental health runs the risk of becoming a hype, characterized by overexcitement 
and exaggerati on. Enthusiasti c stories about e-mental health tend to be accompanied by an 
overly simplisti c view on innovati ve interventi ons and their possible eff ects. Taking a closer 
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self-management and empowerment, in fact, embodies complexiti es that call for a nuanced 
perspecti ve. I will take two examples to point out some complexiti es inherent to the 
discourse. I will fi rst address the idea of e-health technology as an instrument, subordinated 
to a certain end. Second, I will focus on self-management, discuss diff erent functi ons of 
this concept in the health care discourse and point out why self-management may be a 
parti cularly diffi  cult concept in mental health care, compared to somati c health care. 
An instrumental view on e-mental health
In discussions about e-health and e-mental health, it is oft en emphasized that the new 
technology involved is no more than a means to a certain end. In a 2012 lett er to the House 
of Representati ves, the Dutch minister of Health, Welfare and Sports announced her plans 
to signifi cantly invest in e-health development. Aft er she has menti oned that e-health can 
contribute to pati ents’ freedom and self-help, she emphasizes that “above all, ICT is a means 
and not an end, and it has to be employed as such” (54). A report about a nati onal meeti ng 
between leading partners in e-health reads “Health 2.0 is absolutely not an ICT project. ICT 
merely is means and not an end at all” (55).
It is easy to agree that e-health should not be an end in itself, although it someti mes 
looks like it when health insurance companies demand from health care services to provide 
at least 5% or 10% of their services electronically. Instead, e-health is supposed to be a 
means towards empowerment, self-management, cost-effi  cient care, etc. Nevertheless, 
the disti ncti on between means and goal, whereas presented as clear-cut, actually is a false 
oppositi on. One can think of e-health as a means towards the broad goal of ‘improvement 
of care’, but the implementati on of innovati ve technology oft en goes hand in hand with 
unintended eff ects resulti ng into new and unforeseen situati ons which may give rise to new 
goals. Innovati ve technologies hardly ever are neutral instruments. Bearing in mind Marshall 
McLuhan’s statement ‘the medium is the message’ (56), one needs to look beyond the 
instrumental character of technology. Innovati ve technologies, it appears, intervene on the 
human experience, aff ect functi oning, and even may have a politi cal and moral dimension 
(57,58). 
Various technique philosophers have analyzed these matt ers in more detail. A classic 
example is the analysis by Langdon Winner of fl y-overs in New York, which were built across 
the access roads to the beach (57). These fl y-overs were built too low for busses or trucks to 
pass by. As a result, poorer minoriti es, oft en Afro-American citi zens, who were depended on 
public transport, could not get to the beach. For Winner, these bridges were politi cal actors 
as they appeared to carry out a racist program. Another famous example is the analysis 
of speed humps by Bruno Latour (58). According to Latour, arti facts such as speed humps 
direct human behavior by forcing drivers to push the breaks and slow down. 
Latour uses the term ‘script’ to denote the behavior-aff ecti ng part of arti facts, analogous to 
a script for movies and theatre plays that prescribes actors what to do. 
A radical example in the context of health care is provided by Dutch philosopher Peter 
Paul Verbeek, who analyzed the introducti on of the ultrasound technique (59). Verbeek 
shows that the ultrasound intervenes on the way human beings perceive life in a very 
fundamental way. The ultrasound technology not only modifi es people’s behavior, but 
consti tutes who they are. It aff ects the relati onship between the parents to be and the 
unborn child in various ways. First, the ultrasound isolates the fetus from the female body 
in which the fetus grows: the fetus becomes an enti ty on its own, an enti ty that is displayed 
on a screen outside the female body. Second, the ultrasound places the fetus in a medical 
context: the fetus is screened for abnormaliti es and, as such, becomes a potenti al pati ent. 
Third, the ultrasound translates congenital abnormaliti es to a preventable form of suff ering, 
as a consequence of which parents are faced with choices that they probably would not 
have been faced with without this technology. This example demonstrates that technology 
can be far from a neutral instrument that is supposed to merely improve care. 
E-health technology is no excepti on. It is the focus of Nelly Oudshoorn, professor 
of technology dynamics and health care, in her book Telecare technologies and the 
transformati on of healthcare (60). Oudshoorn emphati cally debunks the idea of e-health 
technology as a mere problem solving tool and shows what technology does to the health 
care practi ce. By analyzing literature, rhetoric, and interviews surrounding heart pati ents, 
she shows that mobile e-health devices which pati ents carry with them, disciplines pati ents 
to inspect their own body regularly and encourages them to integrate these inspecti ons 
into their daily practi ce. In line with this, other researchers have related the technology 
enhanced home to the Foucauldian concept of the panopti con and governmentality (e.g. 
(61)), suggesti ng that pati ents, without being aware of it, are urged to shape and reshape 
themselves to medical standards. 
Oudshoorn and others have stressed the importance of place in e-health technologies 
used outside the professional environment (60,62). This is an interesti ng point, as it 
tends to be overlooked in the e-health discourse. Among the most recent buzzwords in 
e-health is ‘seamless healthcare’. The website of a large Dutch company providing e-mental 
health services elucidates this concept: “We move into a new era of seamless healthcare 
experiences. First healthcare was based on face-to-face contacts. Then, from 2000 onwards 
on blended contacts. Now healthcare becomes seamless (anywhere, anyti me). Seamless 
healthcare empowers consumers to be more self managing”(63). With the help of new 
technologies, care today is no longer disrupted by ti me or place. It can be used and applied 
anyti me, anywhere. The introducti on of seamless care gives the impression that ti me and 
place have become irrelevant; it does not matt er where or when. The opposite is true. As 
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people, or mobile devices that can be carried around, change people’s sense of their home 
and their environment. Care is never far away, but so is being a pati ent. Some people may 
experience innovati ve health care technology a blessing. Others will consider it a threatening 
intruder (60). In both cases, technology aff ects the view on what care is all about.
This is not to say that pati ents are becoming victi ms of innovati on. Users are no passive 
consumers of technology, and technology does not always functi on as developers intended 
it (64). In describing historical examples of users modifying the original functi on of 
technology, researchers have referred to these users as “agents of technological change” 
(65) and “innovati on users” (66). Technology is also aff ected by people who, voluntarily 
or involuntarily, do not use it. They do not form a homogenous group of non-users. They 
can be either ‘resisters’, ‘rejectors’, ‘excluded’, or ‘expelled’ (64). Therefore, the functi oning 
of technology, its users and ‘non-users’ are not as straightf orward as it might look in the 
e-mental health discourse. Whereas technology may be intended to be employed as a 
means toward improvement of care, it should not be mistaken as a neutral problem-solving 
instrument.
diﬀ erent functi ons of self-management
Many concepts in the e-mental health discourse tend to be taken for granted, as if everyone 
knows what they mean. Self-management is such a concept. Most oft en, this concept is 
related to pati ent empowerment. As explained in the introducti on, self-management is 
considered a prerequisite of pati ent empowerment and an empowering practi ce. This can 
also be seen in the quote about seamless care, two paragraphs above. Indeed, the early use 
of self-management was embedded in the rise of the 1960s consumer movement. But the 
concept has nowadays been adopted by policy makers and appropriated by the professional 
domain (67). In a recent criti cal review of the use of the self-management concept in 
the care for people with a chronic illness, Kendall et al. (67) disti nguish the functi on of 
self-management as an emancipati ng practi ce, from self-management as a cost-cutti  ng 
mechanism, and an interventi on promoted by professional experts. Following Kendall et al., 
I will briefl y elaborate on these latt er two uses of self-management.
The functi on of self-management as a method to reduce health care costs is most 
prominent in policy documents. The underlying assumpti on is that if pati ents manage 
themselves, they will more oft en avoid risky behavior, improve their daily health and 
consume less professional health care. Nevertheless, when cost reducti on is the main aim 
of self-management, it does not necessarily contribute to pati ents’ empowerment. To 
start with, this view on self-management implicitly considers pati ents a burden to society, 
a source of expenses that needs to be controlled. As a consequence, those pati ents who 
do not practi ce self-management tend to be considered problemati c. The right to self-
management becomes a normati ve ideal that one can comply to or deviate from, based on 
which a disti ncti on can be made between ‘good’ and ‘bad’ pati ents. Pati ents who prefer not 
to practi ce self-management might be considered irresponsible. Pati ents who are judged not 
capable of self-management are likely to be categorized as troublesome items of expense. 
The term self-management is increasingly used in reference to professional interventi ons. 
In fact, self-management may be a term more oft en used by professionals than by pati ents. 
Health care insti tuti ons att empt to develop interventi ons that support self-management, 
researchers try to determine what principles are essenti al to self-management processes, 
and commercial companies promote tools to facilitate self-management. The risk involved 
here is that self-management lapses into a predefi ned set of strategies that are assumed 
to be highly desirable and considered necessary to improve a person’s health. As long as 
individual pati ents can choose which strategy they want to use, self-management can be 
empowering. However, when these strategies are defi ned and imposed by professionals, 
these very professionals are in charge. Pati ents then shift  into the role of unskilled students 
who need to be educated about what is best for them, and how they can successfully 
practi ce self-management. 
These shift s in the functi oning of the self-management concept are vital to a most 
remarkable and persistent contradicti on in terms, namely the self-management of treatment 
compliance. Treatment compliance has for years been a hot topic in psychosis care and health 
care in general. This is not surprising, as research has shown that 50 to 75 percent of people 
with a psychoti c disorder disconti nue to take their prescribed anti psychoti c medicati ons 
aft er one or two years of treatment (68,69), which signifi cantly increases risks of relapse, 
hospitalizati on and even suicide (70,71). What is striking is that evidence like this has now 
been used for  the promoti on of self-management interventi ons in a line of reasoning 
arguing that self-management is an eff ecti ve method to achieve treatment compliance (72-
74). The problem is in the term compliance. Compliance refers to the act of complying with 
medical instructi ons. It is a term rooted in paternalism (75). In practi cing self-management 
to achieve compliance the pati ent is transformed into a proto-professional who is skilled 
in doing what is best from the medical perspecti ve, but who is not enabled to set and live 
up to his or her own standards (51). Self-management of treatment compliance ulti mately 
points to the fundamental idea that pati ents should prioriti ze their health – as defi ned by 
the medical discipline – above all other values in life. 
So far, I have focused on the diff erent functi ons of self-management in health care. These 
functi ons can be found in discourses surrounding most long term illnesses, both mental 
and physical. There is, however, an additi onal complexity in the use of the concept self-
management in the context of mental illnesses, parti cularly psychoti c disorders. For a 
person with psychoti c problems, self-management seems to entail a double sense of self, 
as it refers to management of the self by the self. The self at the same ti me manages and is 
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Wilma Boevink, researcher and experienti al expert in psychosis care, put it as follows: 
“What you have is oft en closely allied to who you are. The manifestati ons [of schizophrenia, 
LK] someti mes dominate your enti re personality. The disti ncti on between the individual and 
the conditi on is soon lost, and it is very diffi  cult to regain. I have been my disorder for a 
long ti me” (76). Other researchers have argued that schizophrenia fundamentally is a self-
disorder or ipseity disturbance (ipse = self) (77,78). Moreover, in a recent discussion about 
pati ent autonomy and coercive treatment, Tom Burns points to the self as a crucial aspect 
in the presence of coercion. According to him, “coercion in psychiatry is only justi fi ed if you 
accept that there really is something special about mental illness, that people are not their 
normal selves when acutely ill”(79). Given that the vulnerability of the self is considered 
such an essenti al part of mental illness, self-management becomes a paradoxical acti vity.
This is the main issue of an arti cle ti tled ‘The (un)managed self’ (80). Although this arti cle 
focuses on people with a bipolar disorder in parti cular, the fi ndings also seem to hold for 
people with a psychoti c disorder. Analyzing conversati ons of peer support groups in which 
self-management acti viti es are discussed, the author reveals the fundamentally contradictory 
character of self-management in the context of a mental disorder. Let me rephrase her 
analysis. The self-management discourse presumes a rati onal, coherent, and reliable self 
which can make logical choices. This self is, however, not that clear-cut, especially in case of 
mental illness. As the self of people with a bipolar or a psychoti c disorder can be aff ected, 
pati ents are faced with the challenging task to disti nguish their ‘real’ or ‘healthy’ self from 
the aff ected self, in order to make rati onal choices. For instance, a pati ent diagnosed with 
a psychoti c disorder may ask himself whether he does not feel like meeti ng other people 
because he simply prefers to relax at home, or whether he is experiencing something that 
should be taken as a warning sign (i.e. social withdrawal) of a possible psychoti c relapse. If 
he is able to make this disti ncti on, he can then determine on the most responsible acti on. 
The contradicti on is that by making this very disti ncti on, this pati ent precisely takes his self 
as the opposite of rati onal and coherent. The only way in which he can be a responsible self-
manager is to conceptualize his self as fragmented, partly irrati onal, and unreliable. 
From the examples above can be inferred that concepts and their functi oning in the 
e-health discourse seem so self-evident, whereas they are not. To get a grip on the nuances 
one needs to look beyond the surface. 
A fuTuRe ouTside THe BoX
This thesis adds to the existi ng scienti fi c literature by having explored an upcoming fi eld 
of research. In additi on, it focused on a pati ent group in mental health care that had not 
received much att enti on in the area of e-mental health so far. There are, however, several 
limitati ons that need to be menti oned. The exploratory character of this thesis has as its 
consequence that no fi rm conclusions can be drawn about the eff ecti veness of most of the 
e-mental health applicati ons discussed. This also holds for the web-based support system 
that my colleague and I developed. We conducted an RCT to investi gate the applicati on’s 
eff ect on the degree of shared decision making between people with a psychoti c disorder 
and their clinicians, but the informati on collected was insuffi  cient to rigorously evaluate its 
eff ects. I could therefore not quanti tati vely substanti ate that e-mental health puts pati ents 
in the driver’s seat. Moreover, having taken a closer look on the discourse surrounding 
e-mental health, I cannot but noti ce that the concepts used throughout this thesis suff er from 
simplicity. Although a discourse is a way of thinking intrinsic to social worlds, a vocabulary 
that one cannot simply dispose of, I might have used language with greater sensiti vity. 
The limitati ons of this thesis are inherently related to the innovati ve nature of the 
material discussed. New areas of research have no established body of scienti fi c evidence, 
and it takes ti me to collect this evidence. What is more, existi ng studies might not have 
collected evidence in the most opti mal way, as I suggested in the above. In order to be able 
to draw fi rm conclusions about the empowering eff ects of e-mental health, to determine 
who are right, the advocates of e-health dreaming about effi  cient and empowering care, or 
the opponents foreseeing nightmares of a world in which cold technology replaces warm 
human contact (40), e-mental health researchers have to think outside the standard medical 
scienti fi c box. 
Future research should employ study methods that account for the dynamic and innovati ve 
character of technological interventi ons and allow for an interventi on’s unintended and 
unforeseen eff ect. To that end, adapti ve quanti tati ve assessments should be used combined 
with qualitati ve data collecti on methods. Questi onnaire-based assessments can be made 
shorter and more fl exible by using psychometric techniques that allow for computerized 
adapti ve testi ng. The availability of shorter measures, in turn, allows for more frequent 
assessments which may capture fl uctuati ons that are usually neglected in research that 
only includes a pre and post assessment. Furthermore, data collecti on processes may 
be improved by making opti mal use of computer systems that allow for automated data 
tracking. Many existi ng online interventi on portals can already generate detailed overviews 
of usage parameters that shed light on who used what part of the interventi on, for how long. 
There is also much to gain in automati ng parts of the data analysis process, for instance by 
using applicati ons such as AutoVAR (chapter 9). Qualitati ve research should be employed to 
investi gate how technology and its users interact with each other, how they consti tute one 
another, and how they change the health care practi ce. As this is not the experti se of the 
average medical scienti st, collaborati on may need to be set up with experts from Science 
and Technology Studies, technique philosophers, and medical ethicists. Finally, to be able to 
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tools contribute to empowerment, the paradigm of evidence-based medicine should be 
broadened to include what has been called ‘value-based medicine’ (e.g. (81,82)). A value-
based medicine approach focuses not only on what works best according to scienti fi c 
evidence on eff ects, but also takes into account personal preferences, norms and concerns.
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Een psychotische aandoening is een ernstige psychiatrische aandoening die gekenmerkt 
wordt door beperkingen in cognitief functioneren en verstoringen in de realiteitsperceptie. 
Mensen met een psychotische aandoening ervaren vaak beperkingen in het sociaal en 
beroepsmatig functioneren, ze zijn vaker dan gemiddeld slachtoffer van verbaal en fysiek 
geweld en ze kunnen last hebben van gevoelens van schaamte en demoralisatie. Binnen 
instellingen voor geestelijke gezondheid zijn speciale zorgprogramma’s ontwikkeld voor 
mensen met een psychotische aandoening, waarbij een arsenaal aan wetenschappelijk 
onderbouwde interventies wordt aangeboden. Een belangrijke tekortkoming is echter dat 
de dienstverlening aanbodgedreven is en te weinig wordt gestuurd door de behoeften 
van patiënten. Bovendien laat patiëntenparticipatie in besluitvormingsprocessen rondom 
behandeling te wensen over. Hoewel sommige patiënten beslissingen liever aan hun 
behandelaar overlaten, willen anderen graag een actieve bijdrage leveren maar missen 
toegang tot relevante en toegankelijke informatie of voelen zich niet voldoende competent 
om hun standpunt onder woorden te brengen. 
Sinds de antipsychiatrie in de jaren zestig en de activistische patiëntengroepen in de 
jaren zeventig is er veel verbeterd in de zorg voor mensen met een ernstige psychiatrische 
aandoening. De ivoren toren waarin de medische en wetenschappelijke discipline zich 
bevonden is aan het afbrokkelen. Professionals beginnen te wennen aan het idee van de 
patiënt als partner. Toch is ‘shared decision making’, een proces van besluitvorming waarin 
patiënt en behandelaar samen keuzes maken, nog geen gemeengoed. Onder meer vanuit 
deze context publiceerde GGZ Nederland in 2009 het ambitieuze rapport Naar herstel en 
gelijkwaardig burgerschap. Dit rapport beschrijft een toekomstvisie op de langdurige zorg 
voor mensen met een psychiatrische aandoening waarin empowerment en herstel leidende 
principes zijn. Deze achtergrond vormt het decor van de studies die in dit proefschrift 
beschreven staan. 
In het debat rondom empowerment en zelfmanagement van patiënten wordt e-health 
vaak genoemd als veelbelovend middel. E-health kan worden gedefinieerd als het gebruik 
van informatie- en communicatietechnologie (ICT) om de gezondheidszorg te verbeteren. 
Het toenemend gebruik van ICT en internet in de zorg wordt geassocieerd met een 
rolverandering van behandelaar en patiënt. De behandelaar verandert van ‘God’ naar ‘gids’ 
(van een alleswetende expert die weet wat het beste is voor zijn of haar patiënt, naar iemand 
die zijn/haar patiënt begeleidt in het maken van keuzes) en van ‘gastheer’ naar ‘gast’ (van een 
professional die een patiënt opneemt in zijn/haar klinische domein naar iemand die tijdelijk 
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te gast is in het leven van een patiënt). De patiënt verruilt een passieve rol (luisteren naar 
wat de behandelaar zegt) voor een meer actieve rol (participeren in beslissingen nemen) 
en hij/zij verandert van ‘patiënt’ naar ‘zorggebruiker’. De potentie voor empowerment en 
zelfmanagement is echter niet de enige verklaring voor de populariteit van e-health. Een 
andere belangrijke verklaring is de besparing op zorgkosten die beleidsmakers verwachten te 
realiseren met e-health. Deze twee verklaringen staan vaak op gespannen voet met elkaar. 
In vergelijking met de populariteit voor e-health in het algemeen is het enthousiasme 
voor e-healthtoepassingen voor mensen met een psychotische aandoening beperkt. Tot 
2007 werden er in Nederland geen e-healthinitiatieven in de psychosenzorg gerapporteerd. 
Het hebben van een psychotische aandoening werd zelfs als contra-indicatie genoemd voor 
e-healthbehandeling. De ernst en de complexiteit van de aandoening zou mensen met een 
psychotische aandoening ongeschikt maken voor e-health. Het gevaar van deze opvatting is 
een groeiende ‘digital divide’, de kloof tussen mensen die wel en mensen die geen toegang 
hebben tot computers, internet en digitale dienstverlening en informatiebronnen. Om te 
voorkomen dat mensen met een psychotische aandoening aan nieuwe vormen van exclusie 
worden blootgesteld is het juist belangrijk om hen te betrekken in de digitale wereld.  
Het doel van dit promotietraject was tweeledig: onderzoeken van het onderwerp e-health 
voor mensen met een psychotische aandoening en ontwikkelen en evalueren van een web-
based adviessysteem voor deze doelgroep. Dit proefschrift was onderdeel van een duoproject 
waarin een promovendus Informatie (Ando Emerencia) zich richtte op de technische aspecten 
van het project en de auteur van dit proefschrift zich bezighield met de meer klinische en 
inhoudelijke aspecten.
Achtergrond
Hoofdstuk 2 en 3 vormen de achtergrond van het proefschrift. Het betreft onderzoek dat is 
uitgevoerd in voorbereiding op de ontwikkeling van het web-based adviessysteem genaamd 
WEGWEIS.
Hoofdstuk 2 beschrijft de resultaten van een systematische review naar e-healthapplicaties 
ontwikkeld ter ondersteuning van zelfmanagement bij mensen met een psychotische 
aandoening. Drie vragen stonden centraal: 1) welke soorten e-healthapplicaties zijn er 
ontwikkeld en geëvalueerd?, 2) wat is het huidige wetenschappelijke bewijs voor de klinische 
effectiviteit en de kosteneffectiviteit van de applicaties?, 3) in hoeverre zijn de applicaties 
georiënteerd op de zorggebruiker? Via een systematische zoekstrategie werden 28 studies 
geselecteerd en besproken die een e-healthapplicatie evalueren. De helft van deze studies 
rapporteerde resultaten van een klinische trial, de andere helft beschreef resultaten 
van een observationele studie. Uit de resultaten komt naar voren dat de geëvalueerde 
applicaties zich richten op diverse zelfmanagementdomeinen, namelijk psycho-educatie, 
medicatiemanagement, communicatie en gezamenlijke besluitvorming, management 
van algemeen dagelijkse levensverrichtingen, leefstijlmanagement, lotgenotencontact 
en zelfmonitoring. Dit is een antwoord op de eerste vraag. Voor drie aandachtsgebieden 
werd een effect size berekend voor de meest relevante klinische uitkomstmaat: de effect 
size voor medicatiemanagement was groot (0.92), voor psycho-educatie klein (0.37) en voor 
communicatie en gezamenlijke besluitvorming ook klein (0.21). Voor de overige domeinen 
kon geen effect size berekend worden vanwege het kleine aantal beschikbare studies. Kosten 
werden slechts gemeten in één studie. Deze studie rapporteerde hogere kosten op de korte 
termijn voor een interventie waarbij gebruik werd gemaakt van een e-healthapplicatie, 
in vergelijking met de reguliere interventie waarbij geen gebruik werd gemaakt van een 
e-healthapplicatie. Deze gegevens vormen een antwoord op de tweede onderzoeksvraag, 
tezamen met de constatering dat de resultaten voorzichtig geïnterpreteerd moeten worden 
vanwege de beperkte hoeveelheid informatie waaraan de resultaten ontleend zijn. In 
antwoord op vraag drie werd geconstateerd dat de eindgebruiker niet altijd centraal stond 
bij de onderzochte e-healthapplicaties, waardoor deze applicaties niet optimaal bijdragen 
aan empowerment van eindgebruikers. 
In hoofdstuk 3 wordt een meetinstrument geëvalueerd, namelijk de zelf-rapportageversie 
van de Camberwell Assessment of Need Short Appraisal Schedule (CANSAS-P). Dit instrument 
brengt vervulde en onvervulde zorgbehoeften van patiënten in kaart. Doel van de evaluatie 
was om te bepalen of de CANSAS-P zou kunnen worden opgenomen in het web-based 
adviessysteem dat we wilden ontwikkelen. We hebben de CANSAS-P vergeleken met het CAN 
interview aan de hand van gegevens van 200 patiënten met een psychotische of depressieve 
aandoening. Op de CANSAS-P rapporteerden patiënten meer onvervulde zorgbehoeften dan 
in het CAN interview. Er werden geen verschillen gevonden tussen patiënten met psychotische 
klachten en patiënten met depressieve klachten. We concluderen dat de CANSAS-P een 
geschikt en klantvriendelijk screeninginstrument is om onvervulde zorgbehoeften op te 
sporen bij mensen met een ernstige psychiatrische aandoening. De CANSAS-P is naar 
aanleiding van deze studie opgenomen in het web-based adviessysteem. 
ontwikkeling en evaluatie van het web-based adviessysteem
In hoofdstuk 4 tot en met 7 wordt de ontwikkeling van het web-based adviessysteem 
besproken. Het doel van het adviessysteem was om resultaten van Routine Outcome 
Monitoring (ROM) dichterbij de patiënt te brengen. Dat wil zeggen dat getracht werd de 
ROMresultaten relevanter en toegankelijker te maken.
In hoofdstuk 4 wordt een eerste korte beschrijving gegeven van het eerste prototype 
van het web-based adviessysteem. Hoofdstuk 5 beschrijft het design en de inhoud van het 
tweede prototype van het adviessysteem tezamen met resultaten van een eerste evaluatie 
met een kleine groep eindgebruikers. De resultaten laten zien dat de eindgebruikers goed 
konden werken met het adviessysteem, maar dat er ook nog punten voor verbetering waren. 
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In hoofdstuk 6 staat de techniek achter het web-based adviessysteem centraal. In 
dit hoofdstuk wordt uitgelegd hoe de informatie in het adviessysteem geordend en 
geselecteerd wordt en welke algoritmen advies koppelen aan individuele uitkomsten van 
ROM. Ook worden er twee experimenten besproken waarin het adviessysteem geëvalueerd 
is door uitkomsten gegenereerd door het adviessysteem te vergelijken met de mening van 
patiënten en behandelaren. In deze experimenten stond de interpretatie en informatie van 
één ROMinstrument centraal, namelijk de Manchester Short Assessment of quality of life 
(MANSA). Uitkomsten laten zien dat de resultaten van het web-based adviessysteem voor 
74-94% overeenkomt met de mening van behandelaren en dat patiënten twee van de 
drie hoogst geprioriteerde adviezen van het adviessysteem en ongeveer de helft van alle 
gegenereerde adviezen relevant vonden. 
Een deel van het adviessysteem is onderzocht in een gerandomiseerde, gecontroleerde trial 
in een poging om de effectiviteit vast te stellen. Hierover wordt gerapporteerd in hoofdstuk 7. 
In totaal werden 250 patiënten met een psychotische aandoening in de studie geïncludeerd. 
Patiënten kregen een ROMonderzoek waarvan de resultaten een aantal weken later met de 
behandelaar zouden worden besproken. De helft van de patiënten kreeg de mogelijkheid om 
in tussentijd gebruik te maken van het web-based adviessysteem om zich voor te bereiden op 
het gesprek met de behandelaar. In het adviessysteem konden patiënten hun zorgbehoeften 
in kaart brengen, informatie bekijken over beschikbare behandelmodules en aangeven naar 
welke behandelmodule hun voorkeur uitging. De andere helft van de patiënten kreeg niet de 
mogelijkheid om het adviessysteem te gebruiken. Doel van de trial was om te onderzoeken in 
hoeverre patiënten die de mogelijkheid hadden het adviessysteem te gebruiken een grotere 
mate van participatie ervoeren in de besluitvorming rondom behandeling, gemeten met 
de Combined Outcome Measure for Risk Communication and Treatment Decision-making 
Effectiveness (COMRADE). In totaal hebben 73 van de 250 patiënten de eindmeting van het 
onderzoek ingevuld. Dit is een laag responspercentage (29%). Resultaten laten zien dat meer 
dan een derde van de mensen met een psychotische aandoening de volledige functionaliteit 
van het adviessysteem had gebruikt. Er kon echter geen verschil worden aangetoond in mate 
van ervaren participatie in de besluitvorming tussen patiënten die het adviessysteem wel 
konden gebruiken en patiënten die deze mogelijkheid niet hadden. Deze uitkomst kan deels 
te maken hebben met het lage responspercentage. Het kan ook verklaard worden door een 
suboptimale implementatie van de onderzochte interventie in de behandelpraktijk.  
Toekomstperspectief
In de laatste twee hoofdstukken staat de exploratie van toekomstperspectieven centraal. In 
dit deel is onderzocht welke e-healthontwikkelingen vruchtbaar kunnen zijn voor de klinische 
praktijk en de zorg voor mensen met een psychotische aandoening. 
Hoofdstuk 8 richt zich op een steeds populairder wordend onderwerp binnen e-health, 
namelijk serious (computer) gaming. Een serious game is een game met een ‘serieus’ doel. 
Een serious game combineert spelelementen met bijvoorbeeld educatie of training. Dit 
hoofdstuk rapporteert de resultaten van een systematische review naar serious computer 
games die ontwikkeld zijn voor de behandeling van psychische problemen. In totaal werden 
33 studies geselecteerd. Deze studies beschrijven serious gaminginterventies gericht op een 
variëteit aan psychische problematiek: vliegangst (6 studies), specifieke fobie (3 studies), 
hoogtevrees (2 studies), angst voor operaties (2 studies), paniek en/of agorafobie (2 studies), 
sociale angst (4 studies), depressie (1 studie), eetstoornissen (3 studies), psychotische 
aandoening (2 studies), autisme (3 studies), Alzheimer (1 studie), dyslexie (1 studie), 
mentale retardatie (1 studie), en stress en stressgerelateerde aandoeningen (2 studies). In 
de interventies werd gebruik gemaakt van verschillende gamingelementen en -technieken. 
Veel interventies gericht op angstklachten, maar ook interventies voor eetstoornissen, 
maakten gebruik van virtual reality waarbij spelers werden blootgesteld aan simulaties 
van omgevingen en situaties waarin ze doorgaans klachten ervoeren. Virtual reality werd 
ook ingezet om een realiteit te simuleren waarin spelers juist tot rust konden komen of 
gewenste afleiding konden ervaren. In gaminginterventies voor depressie, psychosen en 
dyslexie werd gebruik gemaakt van een fantasy-game waarin spelers bij wijze van therapie 
opdrachten moesten maken om een missie te voltooien. In gaminginterventies voor 
psychosen en autisme werden spelers uitgedaagd om cognitieve vaardigheden te trainen 
door puzzels op te lossen of selectief objecten te ontwijken. Op basis van de cijfermatige 
resultaten van de studies kan worden geconcludeerd dat de meeste evidentie bestaat voor 
gaminginterventies gebaseerd op virtual reality-technieken die gericht zijn op specifieke 
angstklachten. Een vergelijking tussen standaardzorg en een serious gaminginterventie 
voor symptomen van specifieke angst resulteerde in een kleine effect size. Deze effect size 
suggereert dat de gaminginterventies tenminste even effectief zijn als standaardzorg. Een 
aantal studies gericht op gaminginterventies voor andere psychische problemen rapporteren 
weliswaar positieve uitkomsten, maar deze studies bevatten onvoldoende informatie om 
duidelijke uitspraken te kunnen doen over de effectiviteit. De verwachting is echter dat in 
de komende jaren snel meer gegevens zullen worden verzameld. Serious gaming is een 
groeiend aandachtsgebied. Het wordt grote potentie toegedicht om vormen van educatie 
en behandeling mogelijk te maken die anders te gevaarlijk, kostbaar, moeilijk of onpraktisch 
zouden zijn om uit te voeren. Een serious game biedt een aantrekkelijke en relatief veilige 
omgeving waar spelers zonder veel risico met gedrag en reacties kunnen experimenteren. 
In hoofdstuk 9 wordt een methode en applicatie beschreven, genaamd AutoVAR, waarmee 
semi-automatisch gegevens kunnen worden geanalyseerd van dagelijkse metingen die 
patiënten gedurende een periode van bijvoorbeeld 2 maanden hebben verricht. Analyse 
van deze gegevens kan inzicht bieden in iemands persoonlijke profiel van klachten of 
functioneren, variërend over de tijd. Dit persoonlijke profiel kan vervolgens dienen als basis 
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voor op maat gemaakt behandeladvies. Een applicatie als AutoVAR zou in de toekomst als 
supplement toegevoegd kunnen worden aan een web-based adviessysteem zoals besproken 
in de hoofstukken 4 tot en met 7. 
De ontwikkeling van de AutoVARapplicatie moet worden gezien tegen de achtergrond 
van de hernieuwde aandacht voor een gepersonaliseerde onderzoeksbenadering in de 
psychiatrie en psychologie. Het onderzoek in de psychiatrie en psychologie kent een traditie 
van onderzoek gebaseerd op groepen. Behandelrichtlijnen zijn bijvoorbeeld grotendeels 
gestoeld op onderzoek dat uitgevoerd is bij een steekproef van mensen, waarbij de 
resultaten van dat onderzoek vervolgens zijn gegeneraliseerd naar alle individuele leden van 
de populatie waaruit de steekproef is getrokken. Deze manier van onderzoek doen wordt 
‘nomothetisch’ genoemd (nomos = wet, wetmatigheid). Verschillende wetenschappers 
hebben aangetoond dat nomothetisch onderzoek zijn beperkingen heeft: resultaten die 
geldig zijn op groepsniveau zijn niet altijd geldig voor een individu. Gordon Allport zei hierover 
in 1937 dat uitkomsten van nomothetisch onderzoek vaak betrekking hebben op een ‘niet 
bestaande gemiddelde persoon’. Allport riep onderzoekers daarom op om meer nadruk te 
leggen op unieke patronen binnen personen over de tijd. Dit noemde hij de ‘idiografische’ 
benadering (idios = individu). Aanvankelijk werd idiografisch onderzoek vooral toegepast 
op een kwalitatieve manier in de vorm van casusbeschrijvingen van personen. Deze manier 
werd echter steeds minder gebruikt nadat het was gekwalificeerd als ‘onwetenschappelijk’. 
Recent is de idiografische benadering weer opgeleefd door de beschikbaarheid van nieuwe 
methoden waarmee kwantitatief onderzoek kan worden gedaan. Belangrijk hierin is de 
ontwikkeling van zogenaamde ‘dagboekmethoden’, zoals ecological momentary assessment. 
Deze dagboekmethoden zijn erop gericht om real-time en herhaaldelijk, bijvoorbeeld 
meerdere keren per dag, klachten en activiteiten te meten in iemands natuurlijke omgeving. 
De gegevens die met deze metingen verzameld worden kunnen worden geanalyseerd door 
middel van tijdreeksanalyse, waarbij het verloop van bijvoorbeeld klachten op individueel 
niveau over de tijd in kaart gebracht kan worden. Wanneer de dagboekmetingen op vaste 
tijdstippen zijn verricht en de gegevens geanalyseerd worden met behulp van een speciale 
tijdreeksanalysetechniek, namelijk Vector Autoregressive (VAR) analyse, dan is het mogelijk 
om quasi-oorzakelijke verbanden op te sporen tussen twee of meer variabelen. Deze 
analysetechniek kan bijvoorbeeld inzicht geven in de relatie tussen lichamelijke activiteit en 
depressieve stemming op individueel niveau. Voor de ene persoon kan gelden dat lichamelijke 
inactiviteit op dag 1 leidt tot een depressieve stemming op dag 2, terwijl voor een ander kan 
gelden dat depressieve stemming op dag 1 leidt tot inactiviteit op dag 2. Deze informatie kan 
van groot belang zijn bij de behandeling van klachten van een depressieve patiënt. 
Ondanks de relevantie van deze informatie, vinden dagboekmetingen en VARanalyse 
van de gegevens nog nauwelijks plaats in de klinische praktijk. Behandelaren en patiënten 
profiteren er nog niet van. Een belangrijk obstakel is dat VARanalyses veel tijd kosten en dat ze 
alleen kunnen worden uitgevoerd door een statisticus. Om die reden is de AutoVARapplicatie 
ontwikkeld. Zoals de naam al zegt is het doel van deze applicatie het automatiseren van 
VARanalyses. Hoofdstuk 9 beschrijft de functionaliteit van de AutoVARapplicatie en 
vergelijkt resultaten die gegenereerd zijn door de AutoVARapplicatie (in enkele seconden) 
met resultaten van een handmatige analyse door een statisticus (in meerdere dagen). De 
vergelijking laat zien dat de AutoVARapplicatie potentie heeft: de belangrijkste output van 
AutoVAR en de handmatige analyse komen overeen. Uit dagboekmetingen bij 4 patiënten 
met hartproblemen en depressieve klachten blijkt dat bij 1 patiënt lichamelijke inactiviteit 
voorafgaat aan depressieve stemming, bij 2 patiënten depressieve stemming voorafgaat aan 
lichamelijke inactiviteit en dat bij één patiënt geen quasi-oorzakelijk verband kon worden 
gevonden.  
Maar voordat de AutoVARapplicatie in de klinische praktijk ingezet kan worden moet de 
applicatie nog wel aan een aantal voorwaarden voldoen. Ten eerste moet de applicatie verder 
gevalideerd worden. Op basis van dit hoofdstuk kan niet met zekerheid gezegd worden dat 
AutoVAR precies doet wat de applicatie zou moeten doen. Ook moet de functionaliteit van 
de applicatie uitgebreid worden en er moet gewerkt worden aan de gebruiksvriendelijkheid. 
Ten slotte is het belangrijk om de functie van AutoVAR niet te overschatten: AutoVAR kan 
een belangrijke bijdrage leveren aan het behandeltraject van een individuele patiënt, maar 
de applicatie vormt slechts een klein onderdeel in het grotere geheel dat behandelaar en 
patiënt voor ogen moeten houden. 
discussie 
Hoofdstuk 10 vormt een terugblik op de voorgaande hoofdstukken en op het ontwikkeltraject 
dat plaatsvond parallel aan het onderzoekstraject. Tevens wordt er vooruitgekeken naar 
mogelijk toekomstig onderzoek. 
Uit het onderzoek- en ontwikkeltraject konden drie centrale lessen worden getrokken:
1. E-health is een onderontwikkeld gebied in de psychosenzorg.
 In dit proefschrift is weliswaar een scala aan e-healthtoepassingen voor mensen met 
psychosen besproken, maar er zijn relatief weinig wetenschappelijke studies gedaan aan 
de hand waarvan bepaald kan worden wat het beste werkt. 
2. Het hebben van psychotische problemen maakt iemand niet ongeschikt voor e-health.
 Niet iedereen die een psychotische aandoening heeft wil en kan e-healthtoepassingen 
gebruiken. Soms zijn mensen te ziek en soms kunnen paranoïde gedachten of cognitieve 
beperkingen een belemmering vormen in het werken met technologie. Maar er is 
wetenschappelijk gezien geen reden om terughoudend te zijn in de ontwikkeling 
van e-health voor mensen met psychosen. Vanuit kostenperspectief kan bovendien 
beredeneerd worden dat investeringen op de korte termijn kunnen leiden tot 
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kostenbesparingen op de langere termijn. Mensen moeten immers betrokken worden in 
het gebruik van technologie om er uiteindelijk efficiënt gebruik van te kunnen maken. 
3. Onderzoek naar e-health legt uitdagingen in de academische manier van werken onder 
een vergrootglas. 
De traditionele academische manier van onderzoek doen gaat niet goed samen met de 
ontwikkeling van innovatieve technologie. In de eerste plaats loopt het tempo en het 
verloop van ontwikkelingen in onderzoek en ontwikkelingen in technologie doorgaans 
behoorlijk uiteen. Technologie vereist continue doorontwikkeling, terwijl onderzoek het 
best gedijt in een omgeving die zo min mogelijk verandert. Bovendien, tegen de tijd dat 
resultaten van een jarenlang onderzoek naar een nieuwe technologie bekend wordt kan 
de betreffende toepassing alweer achterhaald zijn. Daarnaast lijkt een van de hoogst 
gewaardeerde onderzoeksdesigns, de gerandomiseerde gecontroleerde trial, te rigide 
om het innovatieve karakter van technologie te onderzoeken. Een belangrijke beperking 
is dat bij de uitvoering van een gerandomiseerde trial niet kan worden geanticipeerd op 
onverwachte effecten.
Op de hoofdvraag van dit proefschrift, de vraag of e-health de eigen regie van patiënten 
kan vergroten is een genuanceerd antwoord op zijn plaats. Ja, e-healthtoepassingen en 
-interventies kunnen de eigen regie vergroten, maar dat is niet per definitie het geval. 
Innovatieve technologische toepassingen kunnen patiënten een krachtig middel in 
handen geven. Een voorbeeld hiervan is het online platform PatientsLikeMe.com waarop 
patiënten elkaar van informatie voorzien. Maar e-health kan ook de eigen regie van 
patiënten ondermijnen. Dit kan worden geïllustreerd aan de hand van het gebruik van 
beeldcommunicatie in de zorg. Maartje Schermer zegt hierover dat er twee scenario’s mogelijk 
zijn: ofwel beeldcommunicatie draagt bij aan de autonomie van patiënten, bijvoorbeeld 
doordat ze zelf kunnen kiezen wanneer ze inbellen voor hulp, ofwel beeldcommunicatie leidt 
tot een Big Brother-situatie waarin patiënten continu gemonitord kunnen worden in hun 
privéomgeving. De scheidslijn tussen deze twee scenario’s is soms dun.
In het discours rondom e-health worden termen als empowerment en zelfmanagement 
gemakkelijk gebruikt. Gegeven de enthousiaste verhalen over e-health lijkt het alsof nieuwe 
technologie niet anders doet dan de eigen regie van patiënten versterken. Maar dit is te 
simplistisch. Het e-healthdiscours bevat een aantal complexiteiten die meer aandacht 
verdienen. 
In discussies over e-health wordt vaak benadrukt dat technologie niet meer is dan een 
middel tot een bepaald doel. In diverse rapporten en een brief van de Minister van VWS 
aan de Tweede Kamer kunnen we hiervan voorbeelden zien. Het is niet moeilijk om het 
eens te zijn met de stelling dat e-health geen doel op zich is; het is bedoeld om bij te dragen 
aan empowerment, zelfmanagement, kostenbesparing, etc. Maar de tegenstelling tussen 
middel en doel, hoewel deze wordt gepresenteerd als volstrekt helder, is een valse oppositie. 
E-health kan weliswaar worden beschouwd als een middel tot het brede doel ‘verbetering 
van zorg’, maar de implementatie van innovatieve technologie gaat vaak hand in hand met 
niet geïntendeerde effecten die resulteren in onvoorziene situaties die vervolgens kunnen 
leiden tot nieuwe doelen. Zoals techniekfilosofen hebben laten zien is technologie alles 
behalve een neutraal instrument. Technologie grijpt in op de werkelijkheid, verandert de 
realiteit. Dit geldt ook voor e-healthtechnologie. In haar boek Telecare technologies and 
the transformation of healthcare laat Nelly Oudshoorn zien hoe mobiele meetapparaatjes 
patiënten er toe aanzetten (ze gebruikt het woord ‘disciplineren’) om zichzelf voortdurend 
te inspecteren en deze inspectie te integreren in hun dagelijks leven. Een populaire typering 
voor e-health is niet voor niets ‘seamless care’: overal en altijd. Anderen hebben erop 
gewezen dat nieuwe technologie ertoe kan leiden dat patiënten, zonder zich er bewust van te 
zijn, zichzelf aanpassen aan medische standaarden. Zo bezien brengt e-health zorg dichterbij 
mensen, maar maakt mensen daarmee mogelijk tot permanente patiënten.  
Het begrip zelfmanagement wordt in e-healthdiscussies regelmatig gebruikt alsof iedereen 
weet wat het precies betekent, maar de betekenis is allesbehalve eenduidig. In de jaren 
zestig was het gebruik van het begrip zelfmanagement gerelateerd aan de opkomst van 
de patiëntenbeweging. Tegenwoordig is het begrip geadopteerd door beleidsmakers en 
professionals. Behalve als kenmerk van een patiënt die zelf de regie voert over zijn leven, 
functioneert ‘zelfmanagement’ ook op tenminste twee andere manieren: zelfmanagement 
wordt door beleidsmakers gezien als kostenbesparend mechanisme en het wordt door 
professionals gehanteerd als een interventie. Problematisch hieraan is dat aan de hand van 
zelfmanagement, ‘goede’ van ‘slechte’ patiënten kunnen worden onderscheiden. Patiënten die 
niet aan zelfmanagement willen of kunnen doen kunnen worden gezien als onverantwoordelijk 
en een last op de maatschappelijke begroting. Wanneer zelfmanagement functioneert als 
professionele interventie dan moeten patiënten onderwezen worden en kunnen ze ‘goede’ of 
‘slechte’ leerlingen zijn. Deze verschillende functies van zelfmanagement liggen aan de basis 
van een opmerkelijke contradictio in terminis: zelfmanagement van behandelcompliance. 
Zelfmanagement van behandelcompliance maakt patiënten tot protoprofessionals die 
weliswaar goed kunnen worden in het volgen van behandelvoorschriften, maar die niet per 
definitie de tools in handen hebben om het leven te leiden naar eigen standaarden. 
Toekomstig e-healthonderzoek moet gebruik maken van methoden die compatibel zijn 
met het dynamische en innovatieve karakter van technologische interventies, zodat ruimte 
wordt gelaten aan onvoorziene effecten. Daarnaast zou aandacht moeten worden besteed 
aan hoe technologie en eindgebruikers met elkaar interacteren, hoe ze elkaar constitueren 
en hoe de zorgpraktijk daardoor verandert. 
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ABouT THe fRonT CoVeR: wHAT A Bed And  
A dRiVeR’s seAT HAVe in Common
The front cover of this dissertation shows a man passively lying on a bed. This picture does 
not seem the best illustration of a patient in the driver’s seat. Yet it is. The man on the bed 
shows how computers help you to take matters in your own hand. How you can employ 
technology to make it fit your personal needs, without the intervention of a human being. 
The picture on the cover is a representation of the installation artwork Tickle Salon 
created in 2002 by the Dutch artist couple Erwin Driessens and Maria Verstappen. What I 
love most about this installation is its power to make one rethink the traditional opposition 
between human beings and machines. This opposition is best articulated by skeptics of 
e-health technology, who assume technology to be cold, rational, functional, and ultimately 
‘bad’, whereas human contact is considered warm, affective, comforting, and ‘good’(1). The 
main objections against the use of technology in health care may have been most clearly 
formulated by Sparrow & Sparrow in their critical evaluation on the use of technology in 
elderly care ((2), see also (1)). First, technology is said to take the place of human relations, it 
removes real contact. Second, technology does not enhance control because its functionality 
is limited; machines can only perform specific tasks. Third, technology has no feelings, 
does not express empathy and cannot love us; therefore machines can only take over the 
instrumental, cold parts of care. Fourth, technology cannot relate individually to humans; 
machines can only approach humans via standardized protocols. 
Tickle Salon challenges the skeptics’ assumptions and puts their objections up for 
discussion. 
Turning the knobs
You see a male human being lying on a bed. He is being stroked by a small computerized 
pinball with a little brush – or skirt – attached to it. Tickle Salon is a room or a space in which 
stroking sessions are offered to human beings by a machine. When people are stressed or 
when they just want to have a nice experience, they can lie down on the bed and turn on 
the little robot. One can choose whether one wants a stroking session for the whole body or 
just for the upper part down to the waist. During the session the robot softly and carefully 
touches the human body, which relaxes and calms down.
Tickle Salon roughly consists of four parts: a robot hanging from the ceiling, a computer, 
a bed standing on the floor and a human being lying on the bed. Together these four parts 
provide the conditions for stroking sessions by means of an intelligent design. 
The little metal pinball robot is attached to four hardly visible threads of which the length 
can be changed. There are four little motors which either wind or unwind the thread they 
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are attached to and by that the pinball can obtain different positions. Both the four threads 
and the motors are connected to a mechanical device attached to the ceiling. It functions as 
a computer. This computer is provided with software created by Driessens and Verstappen 
particularly for Tickle Salon. By making use of artificial intelligence, the artists made a 
geometrical map of the space in between the ceiling and the bed, which they inserted 
into the computer. As a result, the computer is able to know where in space the pinball is 
situated by registering how far the four threads are wound or unwound. (See Figures 1 to 5 
for a visual presentation.)
When a stroking session starts, the pinball comes straight down until it touches the body 
of the person lying on the bed. Then it starts to explore the body by sliding over it. In this 
initial phase, the little robot has to become accustomed with the body. Before starting 
the proper stroking, the pinball first collides with the body – in a soft way though – and 
sometimes the ball happens to slide to the side of the body and off the body. However, 
when the session proceeds, the robot learns to correct itself. The initial collisions between 
the ball and the body/bed are registered by sensors attached to the computer. These sensors 
record the tension of the threads attached to the ball and the motors and by doing that they 
provide the computer with the possibility of making a visual map of the body. The robot 
becomes familiar with the length and width and the bumps and pits of each particular bodily 
landscape. With this highly specific knowledge the robot can make its stroking movements 
more and more subtle, increasingly personalized. 
A match for human beings
Tickle Salon shows that a robot, by its computerized nature, can be a match for human 
beings. In Tickle Salon, the absence of human touch is restored by letting binary codes and 
mathematical algorithms transform a cold and metal pinball into a gentle brush that softly 
strokes a person’s skin for as long as one likes. The robot is inexhaustible and unselfish. It can 
reach out over the whole body, or just a part if one prefers. The robot has a ‘feeler’, a sensor 
and takes the time to get to know all subtleties of the body it explores. The robot can caress, 
stroke, be intimate, and sensual. 
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